


The Journal of ENGINEERING EDUCATION 
April 1, 1958 Table of Contents Vol. 48, No. 8 











Do You Know 599 
ASEE Empuasizes ROLE oF ENGINEERING 
IN SCIENTIFIC RESEARCH AND INSTRUCTION 584 















Articles 





ANALYSIS OF EDUCATIONAL POTENTIAL 

IN ENGINEERING COLLEGES S. C. Hollister 586 
IMPRESSIONS OF A VIsIT TO SOME UNIVERSITIES IN 

WESTERN EUROPE G. G. Meyerhof 594 
ENGINEERING TEACHING AND RESEARCH SALARIES VERSUS 

INDUSTRIAL RESEARCH SALARIES F. L. Foster and T. W. Harrington, Jr. 597 
A Mrnority Group AS A SOURCE O1 

ENGINEERING MANPOWER Robert Kiehl 608 
Toe AEC-NSF-ASEE Nucvear INstITUTES Herbert Liebeskind 611] 
WorRKTEXT TEACHING AID IN ADVANCED 

AppLieD MATHEMATICS George I. Cohn 615 
MANNING AND TRAINING FOR THE DRESDEN 

NucLeAR Power STATION Harold G. Carson 621 

i 


AEROELASTICITY AND Its INCREASING IMPORTANCE Charles E. Jackson 627 


Some Stress ANALYSIS PROBLEMS OF CURRENT 
HicH-SPeeD FIGHTER AIRCRAF1 John F. Yardley 631 
















@ 4 READING, RUDENESS, AND REDUNDANCY Hiram Brown 640 
1008 HELPING STUDENTS OF SUPERIOR ABILITY J. B. Jones 643 
mye On TEACHING THERMOPHYSICS Raymond J. Seeger 647 
”e APTITUDES AND ATTITUDES Glen H. Howell 660 










An INTEGRATED CURRICULUM IN SANITARY ENGINEERING Linvil G. Rich 665 








Society Reports 





ASEE Orrers Hevpe At THE Hich ScHoot LEVEL 670 






REPORT OF THE COMMITTEE ON RECOGNITION AND INCENTIVES 


Departments and Notes 











Know Your ASEE Orricers 669 
New MEMBERS 686 
TEACHING Posrr1ions AVAILABLE 691 
| Nores 626, 639, 664, 685, 692 






581 





Jri. 


Copyright © 1958, The American Society for Engineering Education 


Eng. Ed., V. 48, No. 8, Apr. 1958 














DO YOU KNOW .... 


> .... That the paragraph in the 
January JourNaAL regarding the num- 
ber of second dues notices mailed in 
mid-November created considerable 
interest because it was thought to be 
a terrible situation? To keep you 
posted on dues collections, in Feb- 
ruary the third dues notice was sent 
to 947 individual members and ten in- 
stitutional members. 232 of the Indi- 
vidual members were billed for two 
years dues. Those who are two years 
in arrears and do not pay by early 
May will be sent a certified letter in- 
forming them of the arrearage and 
stating that they will be dropped from 
membership for non-payment of dues 
at the Annual Meeting if payment is 
not received by July 1, 1958. Last 
year third dues notices were sent to 
996 individual and eleven institutional 
members, so some progress is being 
made. Early in the year it looked as 
though the dues payments were com- 
ing in considerably more promptly 
than a year ago, but such is not now 
the case. If you haven't paid up by 
now, please do so immediately. 


> .... That individual member- 
ships are still increasing rapidly? The 
goal of 1000 set last fall, is becoming 
a reality. It is encouraging to receive 
letters saying “here are nine applica- 
tions for memberships.” The Year- 
book-Directory showed an increase in 
the number of individual member- 
ships for the first time in three years, 
the total being 8057. Now, about a 
month before you read this, the total 
is 8424. 


b> .... That a new brochure has 
been prepared to entice industries to 
joint ASEE? Copies have been sent 
to all Deans of Engineering, and ad- 
ditional copies are available from So- 
ciety Headquarters. There should be 





more industrial members, and each of 
you should be a salesman. If yoy 
have pushed as much as you can, 
refer your prospects to the Industrial 
Membership Committee. All who are 
engaged in placement activities haye 
many good associations. Are you 
making the most of them? 


> .... That the 1958 ASEE-AEC 
Summer Institutes received a fine re- 
sponse? The number attending Ames 
for Nuclear Metallurgy and Hanford 
for Chemical Processing could be 
greater, but all others are almost to 
capacity. The response from tech- 
nical institute instructors was tremen- 
dous, about ten capable men having 
been turned down because capacity 
at Penn State-Argonne was thirty. 


e& .... That a fine series of even- 
ing programs has been arranged for 
the annua] meeting in Berkeley? On 
Monday evening Dr. L. M. Gould, 
President of Carleton College, will 
speak on some of the activities of the 
Geophysical Year with which he has 
been associated. Entertainment and 
folk dancing, will follow, with swim- 
ming in the “gymnasium open air 
pool.” On Tuesday evening is the 
ECAC-ECRC Annual Banquet with 
Dr. Simon Ramo speaking on “New 
Techniques in Education for the New 
Technical Era,” followed by the re- 
ception honoring President and Mrs. 
F. C. Lindvall. On Wednesday a 
“salmon barbeque” at Tilden Re- 
gional Park! On Thursday evening 
comes the Annual Banquet and the 
presentation of awards. Each day 
will have a fitting climax. 


> .... That it is rumored New- 
man Hall of Yale and R. G. Folsom 
of Rensselaer wanted to put on theit 
ECPD accreditation skit in California, 
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DO YOU KNOW .... 


Apr., 1958 


in the hopes that the southern part of 
the state would send up some talent 
scouts? John Gammell, ASEE treas- 
urer, their agent, is so convinced of 
their talent that he wants to see a 
second showing. John Rushton of 
Purdue is billed as the new talent. 
He is making his debut, convinced 
that he will be selected as the re- 
cipient of an Oscar. W. L. Everitt of 
the University of Illinois will be the 
barker, enticing one and all to come 
in and see for themselves the mysteries 
of ECPD accreditation! So, be at the 
General Session on Tuesday morning 
—see “A Case History of an Accredita- 
tion Team Visit For a Hypothetical 
Campus.” 


p> .... That the speaker for the 
annual banquet will be Dr. Knowles 
Ryerson, Dean of the College of Agri- 
culture of the University of California 
at Berkeley? He is the U. S. member 
of the South Pacific Commission and 
an authority on U. S. cooperation in 
the Pacific Basin. His talk will be on 
some phase of the activities of the 
United States in the South Pacific 
area. 


> .... That the first regional EJC 
meeting definitely is scheduled for 
May 19 at Chicago’s Sherman Hotel? 
The local host is the Western Society 
of Engineers (an EJC affiliate). The 
theme is “The Next Decade in Engi- 
neering.” 


> .... That the American So- 
ciety of Mechanical Engineers has 
just announced that it will regularly 
translate into English the Russian bi- 
monthly Journal of Applied Mathe- 
matics and Mechanics? Translation 
will be speeded by receiving proof 
sheets in advance of final printing. 
The project is financed by a grant of 
$35,000 from the National Science 
Foundation. The latest theoretical 





-o7 


5635 


and practical advances made by Rus- 
sian scientists in mathematics, fluid 
dynamics, and solid state physics are 
reported. Copies of the translated 
articles will be sold on a subscription 
basis at an annual rate of $35.00 for 
the six issues, but ASME members are 
entitled to a 20% discount. Subscrip- 
tions should be placed with the Order 
Department, The American Society of 
Mechanical Engineers, 29 West 39th 
Street, New York 18, New York. 


& .... That the American Coun- 
cil on Education and Pennsylvania 
State University sponsored an invita- 
tional conference on teaching by tele- 
vision in colleges and universities in 
October of 1957? The full report of 
the proceedings will be published in 
the spring of 1958 by ACE. The pro- 
gram of the conference was devel- 
oped on the assumption that the place 
of television as an instrument of teach- 
ing has been established. The ques- 
tion is not whether television shall be 
used for educational purposes, but 
rather how shall this medium best be 
used and for what purposes. Both 
closed-circuit and broadcast activities 
were considered. Among the major 
topics discussed were the potential- 
ities and limitations of television as a 
means of teaching, a review of the- 
ories and principles of learning as ap- 
plied to TV, a review of research rela- 
tive to teaching by television, and 
practical problems of improving and 
assessing televised instruction. 

The paper on “Education Philos- 
ophies in Television” by Dr. C. H. 
Faust, President of the Fund for the 
Advancement of Education, is pub- 
lished in full in the January 1958 Edu- 
cational Record of ACE, and reprints 
are available upon request to the 
Council’s Committee on Television. 


W. LertcHTon CoLuins 
Secretary 











ASEE EMPHASIZES ROLE OF ENGINEERING 


President Lindvall Sends Letter to Killian 
THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


February 3, 1958 
Dr. James R. Killian, Jr. 
Special Assistant to the President 
The White House 
Washington 25, D. C. 


Dear Dr. Killian: 


Without question increased support for teaching and research 
in Science and Engineering at all educational levels should be 
encouraged. It is also clear that many of our present difficulties in 
research, development, and practical utilization of new ideas are 
due to the fact that we need more engineers of high quality. This 
Engineering deficiency must be kept in sharp focus by specific 
identification in all measures, legislative and other, directed toward 
strengthening Science and Engineering. 

The American Society for Engineering Education for many 
years has had as it primary objective the improvement of Engi- 
neering education. The key to this is faculties of high quality 
able to give the students the superior instruction which will prepare 
them for the problems of tomorrow of increasing complexity and 
scientific content. We have currently as the Society's number one 
project a Committee on the Development of Engineering Faculties. 

This Committee concentrates attention on the needs of our 
Graduate Schools, which are the source of most of the new Engi- 
neering teachers to meet the growing demands both in quality and 
quantity. All possible encouragement and financial assistance 
should be given our most promising students to obtain graduate 
education in Engineering as rapidly as possible. At the same time, 
as a necessary part of healthy graduate work, the amount of re- 
search in the Engineering Sciences should be increased greatly. 
Research in the Engineering Sciences is particularly important as a 
part of the training of graduate students and for professional devel- 
opment of the Engineering faculties, and should be so recognized. 
Industry today can offer so many attractive possibilities for the 
young man interested in research and development, that without 
good Engineering research opportunities in our academic institu- 
tions few of our best young engineers will be attracted to teaching. 

Your earnest consideration of the needs for graduate work and 
research in Engineering is most respectfully sought. 


Sincerely yours, 


F. C. LinpvaALt, 
President 
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IN SCIENTIFIC RESEARCH AND INSTRUCTION 


ECAC Comments and Distributes Copies 


In carrying further President Lindvall’s effort to insure full recogni- 
tion for Engineering in government support of science-technology 
research and graduate instruction, ECAC has distributed copies to its 
members for widespread use. Vice President Morgen’s comments on 
the letter and problem are given below. 


There seems to be a gross misunderstanding in Washington 
regarding the need for graduate education in engineering and 
what the engineering sciences are. It is very important that all 
members of ASEE and all members of the engineering profession 
do whatever is feasible to clarify this misunderstanding. 


First, why graduate education in engineering and the need for 
more graduate students in engineering? The records show that 
over the past several years the number of Ph.D. degrees granted in 
engineering has been almost static at about 600 per year. Industry 
has been snapping up these graduates so thoroughly that there has 
been virtually no recruitment of new teaching staff in the various 
engineering departments throughout the country. Ph.D.’s pro- 
duced in engineering must be sufficient to satisfy the needs for 
staffing the colleges of engineering plus the needs of industry in 
research and development. It is estimated that these needs are 
of the order of magnitude of 1,500 to 2,000 a year, or two to three 
times the number now being produced. 





Second, why support research in the engineering sciences? One 
of the major tools for educating graduate students at the Ph.D. level 
is the research program on which the student engages and which 
results in his dissertation. Few people outside the engineering 
schools recognize the fact that the whole field of research that has 
been called “classical physics” is encompassed within the field of 
the engineering sciences. If basic research is to be done in the 
general fields of heat and radiation (both in the field of electro- 
magnetic waves and sound), electricity, fluid mechanics, and the 
mechanics of solids, it must be done by the engineering schools of 
the country. The Departments of Physics have all that they can do 
to conduct research in the so-called areas of the “new” physics. 


If the United States is to have a balanced research program, then 
adequate support must be given to graduate research in engineering 
and research in the basic fields of the engineering sciences. 

RatpH A. Morcen 
Vice President, ECAC 
‘ 585 














ANALYSIS OF EDUCATIONAL POTENTIAL 


IN ENGINEERING COLLEGES 


It is time that careful appraisal be 
made of what can be expected from 
the engineering colleges. In the past 
this has been done largely in terms of 
numbers of students. It should be 
clear that in the foreseeable future, 
however, this country will not be able 
to match the output of Russian engi- 
neering schools in terms of numbers. 
It is, in fact, not necessary that we do 
so if we can develop high enough 
quality in our output of engineering 
graduates. 

This study was undertaken to pro- 
vide an overall picture of the perform- 
ance of engineering schools at various 
academic levels. For this purpose, 
the figures published by the U. S. 
Office of Education covering degrees 
granted in higher educational institu- 
tions of the country for 1954-1955 
have been used. This is the last year 
for which figures are available. 

The first step in the study was to 
separate, in both privately and 
publicly supported categories, those 
schools which gave only bachelor’s 
degrees, those which gave only bach- 
elor’s and master’s degrees, and those 
which gave degrees ranging from the 
baccalaureate to the doctorate. The 
latter group was then further sub- 
divided to show which schools were 
giving at least 25 master’s and 5 doc- 
tor’s degrees in any one of the last 
three years of record. 

Since it is generally recognized that 
an engineering school cannot be 
strong without also having strong sup- 
port in mathematics, physics, and 
chemistry, it was thought desirable 
to include for each institution the 
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S. C. HOLLISTER 


Dean, College of Engineering 
Cornell University, Ithaca, New York 


number of master’s and doctor’s de- 
grees awarded in each of these three 
fields, as well as those awarded in 
engineering. Institutions are arranged 
alphabetically by the states in which 
they are located. 

In Group I there are 37 schools, 20 
of which are privately supported and 
the remaining 17, tax-supported. Each 
of these schools has awarded at least 
25 master’s and 5 doctor’s degrees in 
engineering in at least one of the 
three academic years, 1952-3, 1953-4, 
or 1954-5, these being the last three 
years of record. It is interesting to 
note that these 37 schools awarded in 
engineering 43% of the bachelor’s de- 
grees, 71% of the master’s degrees, 
and 93% of the doctor's degrees. 

The tabulation for Group I includes 
also the number of master’s and doc- 
tor’s degrees awarded in mathematics, 
physics, and chemistry. It is interest- 
ing that these same schools awarded 
nearly half the master’s degrees and 
at least two-thirds of the doctor's de- 
grees in these three fields of science. 
This is impressive testimony that there 
is real strength in the combination of 
these sciences with engineering. 

The study of the table for Group | 
discloses that these 37 schools are 
carrying the major load at the highest 
levels in engineering education. Some 
of them show areas of weakness, espe- 
cially at the doctoral level. None 0 
them, however, can be allowed to re- 
main weak, either in the interest ol 
national defense or of the general 
economy. 

Group II includes schools which 
granted fewer than 25 master’s and 
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TABLE | 
SUMMARY BY GROUPS 
I wt S, Jegree 
Eng. Eng. Math. | Phys. | Cher Eng Mat Phys ( 
27 | 
Group I. (9! 
,. (20 4256 | 1860} 158 | 213 245} 312} 801} 220 286 
B. (17 5375 | 1310} 176 | 204 | 248] 246) 93) 150] 387 
Total, Group I 9631 3170 334 | 417 | 493 558 173 370 673 
% of US. (43) | (71) | (44) | (57) | (42 93) | (69 72 67 
Group IT. (7 
B. (7 1117 121 27 18 27 18 7 20 26 
% of U.S 1. '@ 3 4) Ori G 3 3 4 3 
Grout Ila 17 
5 (6 } 528 | 205) 21] 17 17 | 4 11 32 34 
B. (11 | 1619 | 206 36 | 34) 61 19 13 15 56 
Total, Group Ila | 2147 411| 57 51 | 78 23| 24 47 90 
% of U.S (10) 9) 8 ot. G 4 10 9 9 
Group 1 
4 (18 2092 | 276| 35 53 53 | 7 27 32 
| B. (39 | 3482 | 506] 72 | 64 151 17 18 71 
Total, Group ITI 5574 | 782] 107 | 117 | 204 | 24] 451] 103 
% of U.S (25) 17)| (14) | (16) | (17 10) | (9) 10 
Group IV. (98 
s A. (5 | 2507 17 24 | 40 5 10 15 
B. (42 1613 | 18 | 6 49 ] 
S, 
. Total, Group IV | 4120 35 | 30| 89 5 10 16 
% of U.S (18) - | OT @T «€ 2 2 2 
d rt 1 
d Totals Groups I-IV. (216) | 22589 | 4484| 560] 633 | 891] 599| 233 | 494 | 908 
e- % of U.S. (100) | (100) | (74) | (87) | (76) | (100) | (93) | (97 a 
= F = a | 
€. . ; a 2 x | aa A A 
ce Totals for 1 22589 | 4484] 761 | 729 | 1173 _ 250 | 511 | 1005 
] | ' 
of _ 
TABLE II 
) | SuMMARY BY YEARS 
ire — — — - ————— 
est First Degrees Second Degrees Doctorates 
me Year —— a ‘re Sees 2 —— 
pe- Eng. Eng Mat! Phy | Chem, Eng Math Phys ( 
of ie a oa ae ere ne “a ay ae 
1947-8 31096 | 4198 | 711 | 706 | 1360 | 257 128 198 | 569 
re- 1948-9 | 43604 | 4647 | 793 | 841 1427 360 | 126 266 | 749 
Ol 1949-50 52248 4496 | 974 | 922 1576 417 | 160 358 | 953 
oral 1950-1 | 41473 | 4825 | 1109 | 973 1462 520 | 184 443 1046 
1951-2 | 30549 | 4081 | 802 | 882 1409 | 529 | 206 485 1031 
1952-3 | 24189 | 4066 | 677 721 1211 518 | 241 478 999 
1953-4 | 22339 4204 | 706 | 714 | 1098 | 594 | 227 485 | 1013 
1954-5 | 22589 4484 | 761 | 729 | 1173 | S99 | 250 511 | 1005 
| 
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5 doctor's degrees in engineering not 
only in the last three years of record, 
but granted doctorates in all of those 


years. 


\ 


B. 





GROUP I. 


Group Ila lists schools which 





JOURNAL OF ENGINEERING EDUCATION Vol. 48—No, 8 


granted doctor's degrees in one or 
more, but not all, of the three years. 
Some show doctor’s degrees granted 
in 1954-5 (the year tabulated) and 


TABLE III 


DEGREES GRANTED 1954-55 


Institutions which granted 25 Master’s and 5 Doctor’s Degrees, or more, in Engineering, 
in any one of the years 1952-3, 1953-4, and 1954-5. 


“os Te 
First 


| Degrees | 


Eng. 
. Privately Supported (20) 
Cal. Inst. Tech. 61 
Stanford 144 
Yale 172 
[ll. Inst. Tech. 277 
Northwestern 115 
Johns Hopkins 156 
Harvard 25 
Mass. Inst. Tech. 557 
Wash. Univ. (St. L. 103 
Princeton 133 
Columbia 110 
*Cornell (5-year curric. 236* 
New York Univ. 362 
Brooklyn, Poly. Inst. of 418 
Rensselaer Poly. Inst +44 
Case Inst. Tech. 180 
Carnegie Inst. Tech. 245 
Lehigh 248 
Penna., U. of 50 
Pittsourgh, U. of 220 
Totals 4256 
Tax Supported (17) 
California, U. of 490 
Delaware, U. of 63 
Georgia Inst. Tech. 442 
Illinois, U. of 530 
Purdue 760 
Towa St. College 263 
Towa, U. of 51 
Mich. State Univ 221 
Michigan, U. of 310 
*Minnesota, U. of (5-year) 307* 
North Carolina St. Coll. 220 
*Ohio State Univ. (5-year 192* 
Penna. St. Univ. 414 
Texas A. & M. Coll. 366 
Texas, U. of 225 
Washington, U. of 271 
Wisconsin, U. of 250 
Totals 5375 


* 5-year curricula. 


Eng. 


49 


1860 


145 
28 
74 

168 

154 


24 
30 
215 
65 
43 
64 
55 
44 
47 
49 
80 


| 1310 


Second Degrees Doctorates 
Math. | Phys. | Chem. | Eng. | Math. | Phys. | Chem, 
5 1 21 3 22 16 
8 8 6 22 9 12 12 
4 16 17 16 4 17 15 
10 3 16 2 6| p 
5 5 + 9 2 ) 18 
2 8 16 2 5 7 
16 37 rai 20 10 ) 0 
8 1 7 70 10 13 32 
5 5 7 1 9 6 
7 6 10 5 15 12 18 
24 19 28 19 2 15 21 
1 8 & 17 11 17 
34 22 2 j 8 11 16 
1 23 li 1 25 
3 6 5 s 2 3 
1 11 7 6 ) 3 
3 18 17 16 5 10 14 
3 8 11 8 3 7 
3 11 20 2 10 12 
15 7 6 .) 5 5 12 
158 213 245 312 80 220 286 
21 47 18 26 7 42 4s 
6 2 22 3 14 
1 2 2 3 2 
38 41 28 38 11 18 52 
12 9 37 29 0) 12 36 
10 7 16 14 10 6 24 
10 7 10 3 2 + 12 
+ 3 10 6 3 4 23 
52 22 22 35 12 14 20 
8 11 14 4 5 18 
5 5 2 
3 22 18 14 1 15 ) 
6 12 18 1 4 25 
8 4 1 4 
3 9 |} 17 15 3 11 18 
6 6 7 5 4 2 16 
13 13 14 17 9 13 4) 


248 246 93 150 | 387 
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4 
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Group II. 


Institutions which granted fewer than 25 Master’s and 5 Dox 
1953-4, 1954-5, but which granted both in those 


> 


in any one of the years 1952-3, 


Fir 


Degrees | 


ng. 
\. Privately Supported (O 
None 
B. Tax Supported (7 
Colo. Schl. Mines 132 
Maryland, U. of 97 
Missouri, U. of 298 
I innati, U. of 191 





Group IIA 


Institutions which granted fewer than 25 Master’s and 5 Doctor’s 
and 1954-5, but did not grant Doctor’s Degrees in all thre 


First 
Degrees 
Eng 
\. Privately Supported (6 
Notre Dame 180 
Stevens Inst. Tech 128 
Syracus 89 
Browt 27 
*Rice Inst 8 
Catholic U. of Am 53 
] 1 528 


B. Tax Supported (11 
Colo. A. & M 63 
Colo., I of 222 
Florida, U. of 184 
Kansas, U. of 134 
Kentucky, U. of 139 
La. State U. 197 
Okla. A. & M. 173 


Okla., U ot 236 
Ore. St. Coll. 125 
Utah St. Ag. Coll. 43 
Utah, U. of 103 

Totals 1619 


ho ; 
9-year curricula. 





rABLE IV 


DEGREES GRANTED 1954-55 


Second Degrees 


22 4 
22 4 

5 2 
21 6 


g Math 
16 § 
144 
IR 

2 7 

9 

6 0 
205 21 

Q 
31 1 
16 s 


— 
st 


206 36 
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DEGREES GRANTED 1954-5 


589 
tor’s Degrees in Engineering 
years 
) 
" ( 
) 
6 2 2 ) 
] } l 5 5 
4 ) 4 , 
10 2 6 } 
‘ { ‘ 
5 ) = 
7 Q 7 Vv ) 
Di ( 1952-3, 1953-4 
¢ ears 
) 
( 
6 \ 15 
1 
2 3 ] 3 
6 11 5 
1 1 $ 2 
10 l ) 
17 4 11 32 34 
) , 
R l 1 4 t 
“4 { ) 1 a 
) 2 ) - 
9 ) ) 
) 1 
Q ) 1 { 
9 ' { 
13 ? ) 2 15 
) 
3 7 1 3 10 
61 19 13 15 6 
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TABLE V 
Group III. DeGreEs GRANTED 1954-55 


Institutions which granted Master’s but no Doctor’s Degrees in Engineering in 1954-5, 








Pens Second Degrees Doctorates 
Eng. Eng. Math,| Phys. | Chem.} Eng. | Math,| Phys 
A. Privately Supported (19) 
Rose Poly. ai 62 
Tulane 44 | 4] 3 2 5 5 
Northeastern 279 46 | 6 
Worcester Poly. 124 6 | 
Detroit, U. of 171 ie 2 § 
St. Louis U. 106 | Sh. 6 2 4 2 4 
Clarkson Coll. Tech. 123 | 7 
Union Coll. 36 2 
TBuffalo, U. of (not accred.) 67 ei, 1 1 5 4 
Rochester, U. of 36 4 | 12 1 12 
Webb (Nav. Arch.) 16 4 
Tulsa, U. of “et iF 4 
Bucknell MR ic Rhee 3 2 
Drexel Inst. Tech 468 | 44 : 5 9 
Villanova ay Sh gs - 
Vanderbilt 90 | : ae 15 6 1 3 
So. Calif., U. of 204 | 110] 11 6 2 1 3 
So. Methodist 41 | 9 | — | 2 | 3 
Geo. Wash. U. 50 | 1 coat MEK od Rane” 
Totals | 2002 | 276] 35 | 53 | 53 7 | 2 
} 
B. Tax Supported (38 
Ala. Poly. Inst. 232 6; 4 1 4 
Ala., U. of | 82 a oe oe | 6 
Ariz., U. of mi. 84 fi ht 6 
Ark., U. of i wi 2i,a} 6 
Conn., U. of 89 14 | Rt uid 7 2 
tGa., U. of (not accred. i eT 8G e te 3 2 
Ida., U. of SF i. 3% | 
Kans. St. Coll. 128 | 11 | 4: 
*Louisville, U. of (5-year “Oo | 7| — Pt) a 
Maine, U. of 109 12 2 a. 5 
Lowell Inst. | 3} 4] - | | 8 
Mass., U. of | 75 | 4 4 | 8 
Mich. Mines aT 21 | ee 
Wayne 98 | 38 6 4 8 
Miss. St. Coll. 98 | 1 Lod 
Mont. Mines ee Se | 
Mont. St. Coll. 83 | 6 5.1 - 5 
Nebr., U. of | 104 | 6 / ea re | 10 
N.H., U. of a 2h Si] a | 
Newark Coll. Engrg. 260 115 br | 
Rutgers | 73, | 21] 16 ra 8 1 2 
N. Mex. A. & M. 7 oe a 1 
N. Mex., U. of 79 | 10 eee. 1 3 2 
Alfred U. (NYSS Ceramics) 30 1 | - 2 
Coll. City of N.Y. 328 | 4]; 29) —|j-— 
tN. Car., U. of (not accred.) i ine 5 | hil on 5 13 } 
N. Dak., U. of Si | 1 | aar oot 3 


¢ Not accredited by ECPD. 
* 5-year curricula. 
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Toledo, U. of 

R. L., U. of 

Clemson 

S. Dak. Mines 
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Tex. Coll. A. & I. 
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Va., U. of 
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Wvyo., I . of 

U.S N. Ac, & P.G. Schl. 
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TABLE V—(Continued) 


First 


Degrees Second Degrees 


Eng Eng Math,| Phy 
52 9 1 
68 4 4 
143 4 ) 
52 1 
37 3 
31 1 3 
134 a l 2 
53 12 3 9 
86 5 1 1 
83 3 1 1 
133 71 
3482 506 72 6-4 


rABLE VI 


Group IV. DeGREEsS GRANTED 1954 


Institutions which granted only First Degrees in E 


\. Privately Supported (57 
Tuskegee Inst. 
John Brown 1 
Coll. of Pa 
Loyola | tf L.A 
Colo. ( 
# Der ver. | oO 


Hillyer ( 
Trinity Co 
Bridgeport, U. of 
Miami, U. of 
# Bradley 
Chi. 7 Coll 
Fournier Inst. Tech 
close 1955 
Millikin | 
N. Cent. Col 
Evansville Coll 
Ind. Tech. Coll 
Tri State Coll 
Valparaiso 1 
Bosto1 [ 
Merrimack Coll 
+ Tufts 
Detroit Inst Tech 
General Motors Inst 
Lawrence Inst. Tech 
+ Dartmouth 
Fairleigh Dickinson 
#Cooper Union 
+ Manhattan Coll. 


ng 


Eng | Math. Phys ( 


94 4 
43 
162 
107 
26 
23 
109 
137 


bn 


# Accredited by ECPD in one or more curricula. 
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TABLE VI—(Continued) 











dee Second Degrees } Doctorates 
| ——— eee —_ —— 
Eng. | Math. | Phys. | Chem. | Math. Phys. Chem. 
# Pratt Inst. 29 - ~ ae 
# Duke Univ. 68 £14 Ai) 6 2 8 10 
Antioch Coll. | 15 — | - 
# Fenn Coll. | 87 | | 
# Ohio Northern a — 
# Dayton, U. of | 40 | 
# Youngstown, Coll. 23 | 
Portland, U. of 16 } 
Geneva Coll. I 
Grove City Coll. 16 | 
# Lafayette Coll. 85 | | | - a 
Pa. Mil. Coll. aT | - 
Phila. Textile Inst. 43 “ 
# Swarthmore | 20 - - | — 
R.I. Schl. Design | 17 | es 
Chattanooga, U. of 11 Ya 
Brigham Young U 6 4 | BA 
# Norwich U. 43 } = - 
Hampton Inst. 4 ary ‘ 
Gonzaga U. | 29 - 
# Santa Clara, U. of 4d 
St. Martins Coll. 2 
Seattle U. 29 
Walla Walla Coll. | 6 | 
Davis & Elkins Coll. a1 CO 
# Marquette U. 123 | 5 3 1 
Milwaukee Sch. Engrg 40 | 
# Howard U. 19 3 
Totals 2507 17 24 | 40 | 5 10 5 
B. Tax Supported (41 | 
Cal. Maritime Ac. 16 - = | 
Cal. St. Poly. | 133 2 | | ) 
i Fresno St. Coll. 16 | = t 
L.A. St. Coll. Ap. A. & S. 8 
San Diego St. Coll. 21 } — | | | | - 
San Jose St. Coll 29 - | | 
# Wichita, U. of 25 2 | c 
#La. Poly. Inst. 68 1 
S.W. La. Inst. 32 a 
Maine Maritime Ac. 35 | 5 
Bradford Durfee Tech. 13 | P 
Mass. Maritime Ac. 30 _ “ 
New Bedford Inst. Text | 19 b 
# Miss., U. of 35 . 7 2 a 
Omaha, U. of | 18 : ] 
# Nevada, U. of 32 1 2 e 
N. Mex. Inst. M. & T. , =e 1 - S 
Maritime Coll. N.Y. 55 ; 
N. Car. Ag. & Tech. Coll. 15 — el 
#N. Dak. Ag. Coll. 77 ae zi d 
— Soeee | t 


he 


# Accredited by ECPD in one or more curricula. 
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TABLE VI—(Continued) 


j First 
Vegrees 

Eing. 

#Ohio U. (Athens 66 
# Akron, U. of 25 
# Citadel 58 
S.C. St. Coll. 5 
#5.C., U. of 66 
Tenn. A. & I. U. 6 
Tenn. Poly. Inst. 26 
Lamar St. Coll. 32 
Prairie View A. & M. 2 
#Texas Tech. Coll 131 
#Texas Western 05 
#Vt., U. of 35 
#Va. Mil. Inst 109 
Marshall Coll. 9 
W. Va. Inst. Tech. 5 
Wis. Inst. Tech. 17 
#U.S.C.G. Acad. 76 
U.S. Merch. Mar. Acad 65 
# Alaska, U. of 7 
Puerto Rico, U. of 06 
#Hawaii, U. of 42 
Total 1613 


some do not. Group II has much the 
same characteristics as Group I, ex- 
cept that the numbers of degrees 
awarded at the higher levels fall some- 
what below those in Group I. The 
interdependence of engineering and 
the physical sciences is again clear. 
Groups I, II, and Ila taken together 
constitute all of the schools that 
granted doctor’s degrees in engineer- 
ing in 1952-3, 1953-4, and 1954-5, 
and represent 28% of the engineering 
schools listed (see Table I). These 
groups together granted 58% of the 
bachelor’s, 83% of the master’s, and 
all of the doctor's degrees awarded in 
1954-5. This means that 72% of the 
engineering schools of the United 
States granted only 42% of the bach- 
elor’s, 17% of the master’s, and no 
doctor’s degrees in that year. These 
three groups also granted more than 
half of the master’s and more than 
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Accredited by ECPD in one or more curricula. 


Second Degrees Doctorates 


hem Math Phys Chem 


6 


— b> 


three-quarters of the doctor's degrees 
awarded in mathematics, physics, and 
chemistry. 

Group III lists the schools that 
awarded no doctor’s degrees in 1952-3, 
1953-4, or 1954-5. These 57 schools 
awarded about a seventh of the mas- 
ter’s and 10% of the doctor's degrees 
in mathematics, physics, and chem- 
istry. 

Group IV lists 98 schools that 
awarded no graduate degrees in engi- 
neering in 1954-5. They awarded 
only 4% to 8% of the master’s and 
only 2% of the doctor’s degrees in 
mathematics, physics, and chemistry. 

Of the 216 schools listed, all those 
in Groups I, II and Ila are accredited 
by ECPD; 35 of the 39 schools of 
Group III and 34 of the 98 schools of 
Group IV are so accredited in one or 
more curricula. Thus 68 schools listed 

(Continued on page 607) 


IMPRESSIONS OF A VISIT 
TO SOME UNIVERSITIES 
IN WESTERN EUROPE 


During the summer of 1957 the 
writer visited universities, govern- 
ment research establishments and 
private institutions in Western Europe. 
His purpose was to exchange informa- 
tion, study recent developments in 
teaching, research and engineering 
practice, and to renew former con- 
tacts. The trip,through various parts 
of England, Holland, Western Ger- 
many and Switzerland, was under- 
taken mainly to study applied science 
and engineering in these countries. A 
brief history of universities may give 
perspective to the impressions gained. 

The origin of European universities 
goes back about 1000 years to the 
medical and law schools founded in 
the 10th and 11th centuries in Italy 
and to the philosophy and theology 
schools founded in the 12th century 
in France and England. The organ- 
ization of the early medieval univer- 
sities was very similar to that of the 
present day. At the head was a rec- 
tor with a board of governors and a 
senate. To the four main faculties 
mentioned above were added science 
and engineering, during the 17th and 
19th centuries, respectively. The pro- 
fessors lived from honorariums paid 
by their students. The original pur- 
pose of awarding degrees of either 
master or doctor was to give graduate 
students the right and duty to teach 
in their faculty at a university. 

During the latter part of the Middle 
Ages the universities became finan- 
cially more dependent on the towns 
and provinces, and at the same time, 
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Head, Department of Civil Engineering 
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Halifax, N. §. 


lost some of their freedom and be. 
came more utilitarian. At the begin- 
ning of the last century university life 
was reorganized and was guided by 
the principles that the ideal univer. 
sity represents the unity of all knowl- 
edge, the combination of teaching 
and research, intellectual freedom and 
the search for the truth. 

In order that universities could 
carry out both teaching and research 
in perfect freedom, a compromise was 
made between the early internal or- 
ganisation and later financial support 
by the State, which has continued to 
the present day. Thus, the European 
universities are now independent or- 
ganisations in all academic matters of 
teaching and research, while the State 
provides most of the physical facilities 
and the greater part of the budget. 
Both the private universities as well 
as the publicly controlled institutions 
receive 70 to 75 per cent of their in- 
come from public funds and only 
about 30 per cent in roughly equal 
proportions from fees, endowments 
and miscellaneous revenues. 

The great dependence on govert- 
ment grants may give rise to concern 
of political interference with the work 
of the universities, but little of that 
has actually occurred. University 
authorities mentioned that there is no 
alternative financial source of such 
magnitude and some risk must, there- 
fore, be accepted. In addition, the 
independence of universities depends 
on the reputation of their work rather 
than on official guarantees. 
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The students’ fees, which represent 
only 10 per cent of the university in- 
come, are very low and enable stu- 
dents to spend summers on travels or 
private studies without the need of 
summer employment. Further, nu- 
merous scholarships are available and 
are held by about three quarters of all 
students. These are partly State 
scholarships and partly awarded by 
industry, which has founded many 
chairs and made gifts for buildings, 
residences and annual contributions 
towards the cost of teaching and 
research. 

Academic staff have a high stand- 
ing in the eyes of the European pub- 
lic and students, similar to the best of 
the professions. The professor is 
deeply respected and occupies an 
honoured position. At the continen- 
tal European universities practically 
every subject has a separate chair oc- 
cupied by a full professor who has 
two to three assistants; the professor 
is expected to have a doctor's degree 
and he gives most of the lectures, so 
that students profit by the high qual- 
ity of teaching. 
ler to attract and retain the 
best professors, good salaries are paid, 
fully comparable to those of industry. 
The average teaching load in Western 
Europe is six hours per week ( varying 
from two to about eight hours per 
week), which gives professors plenty 
of time for research and consulting, 


In Ore 


each activity accounting for approxi- 
mately one third of his time. Assist- 
ants are generally junior staff who are 
doing postgraduate work under their 
professor; they supervise the prob- 
lems, drawing office and laboratory 
instruction. Their instructional load 
is similar to that of a professor and 
their pay is competitive with that of 
industry. The staff-to-student ratio 
varies from about one in five to one 
in ten, which is relatively high, and 
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explains the heavy cost of educating 
students in Europe. 

Admission of undergraduate stu- 
dents is by final high school examina- 
tion, or an equivalent university en- 
trance examination at an age of 17 to 
18, the standard being at least that of 
senior matriculation. On the average, 
about one-quarter of the applicants 
are accepted by the universities for 
study. In some of the older British 
universities the percentage of success- 
ful applicants is as low as five per 
cent, while at some of the Continental 
universities, up to one-half of the 
applicants are accepted. Those re- 
jected have to go to institutions with 
lower standards, but one-quarter to 
one-half of those who wish to study 
cannot do so anywhere. In fact, only 
about two per cent of the age group 
18 to 22 receive a university educa- 
tion at present, which is a very low 
percentage. In the past students 
went to several universities during 
their course of study, but recently this 
trend has decreased and most of them 
now stay the full time of four years 
at one university. 

The main method of imparting 
knowledge at the undergraduate level 
is by lectures. Even in engineering 
the time spent on problems, drawings 
and laboratory work is only about one 
half of that which lectures take up 
on the Continent, while in England, 
an approximately equal amount of 
time is spent on lectures and practical 
work. The studies are, thus, rather 
theoretical and emphasis is placed 
on the fundamentals of the subject. 

Students are left to themselves to a 
considerable extent and they regard 
university courses as difficult, in spite 
of their long high school education. 
The failure rate is high, both at the 
preliminary examinations and at the 
final degree examination. Notwith- 
standing the small admission quotas 
and careful selection of students, from 
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one quarter to three quarters of all 
etudents fail to obtain degrees. 

The slowly increasing enrollment 
has made programs of expansion nec- 
essary, and an approximate 25 per 
cent increase is provided for during 
the next ten years, apart from mod- 
ernization of existing facilities. The 
buildings are generally five to ten 
stories high, of modern frame con- 
struction; they are frequently air con- 
ditioned and well equipped with li- 
braries, the latest apparatus and large 
lecture theatres (the largest one 
visited holds 1000 students and had 
all the audio and visual aids of a 
modern theatre ). 

The lowest floors in these buildings 
accommodate lecture halls, under- 
graduate and research laboratories 
and drawing offices. Intermediate 
floors contain libraries, staff and stu- 
dents’ common rooms, as well as din- 
ing rooms where most staff and stu- 
dents take their midday meals at very 
reasonable cost. Upper floors have 
staff offices and postgraduate rooms. 
In spite of the height of the buildings, 
students use mainly the lower three to 
four floors, while staff and research 
workers occupy the upper and quieter 
space. 

Residences are considered to be an 
essential part of a British university; 
they are frequently provided to ac- 
commodate about one-quarter of the 
students, but not more than one-half 
can reside even in the older univer- 
sities. Nevertheless, it is intended 
that all students should spend at least 
one year in a residence together with 
some of the staff, so that the social 
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collegiate benefits of communal sty- 
dent life and extracurricular activities 
are readily available to them. 

As mentioned earlier, the function 
of the universities is as much the ad- 
vancement of knowledge by research 
as the dissemination of knowledge 
by teaching. Great emphasis is, there- 
fore, placed on all staff to conduct 
original research throughout the whole 
of the academic year. It is believed 
that teaching up to first degree stand- 
ard cannot be of high quality unless 
the staff are in contact with and able 
to conduct postgraduate research in 
their chosen field of study. The vol- 
uminous books and papers published 
by many professors could not have 
been written without much full-time 
research, since holidays are generally 
taken up by travels and conferences, 
and sabbatical leave exists more on 
paper than in reality. 

In order to integrate teaching and 
research, special graduate depart- 
ments do not usually exist. Postgrad- 
uate studies are carried out without 
formal courses by means of seminars 
and analytical or experimental work 
in research laboratories of the univer- 
sity. In this way the postgraduate 
students work together with their pro- 
fessors to solve research problems and 
thus learn the scientific method of 
approach right from the start. 

The general impression of the visits 
was that both staff and students work 
with enthusiasm and in a stimulating 
atmosphere. The students appreciate 
the fortunate position of being al- 
lowed to study and to enjoy the privi- 
leges which university life offers them. 
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Surveys of salaries being paid to 
engineers and scientists in the fields 
of teaching and research are the order 
of the day. Unfortunately, it appears 
that the results of one survey are 
seldom compatible with those of an- 
other, and indeed almost defy com- 
parison. 

In an effort to improve and 
strengthen its position in compensat- 
ing its research personnel, the Massa- 
chusetts Institute of Technology, 
through its Division of Sponsored Re- 
search, conducted during the fall of 
1956 a selective survey of salaries be- 
ing paid to professional research and 
development engineers and scientists. 
This survey was not undertaken with 
the thought of supplanting or com- 
peting with other surveys, but it was 
designed primarily to be useful and 
meaningful to M.I.T. and the other 
participants in the survey. 

Its scope covered 21 industrial and 
educational organizations performing 
research and development, with sal- 
aries current as of September to De- 
cember, 1956. Participants in the sur- 
vey were selected from the aircraft, 
automobile, chemical, electronic, pe- 
troleum, pharmaceutical, and research 
and development industries in all sec- 
tions of the country. It is felt that the 
organizations selected present an ex- 
cellent sample of the professional re- 
search and development personnel 
employed in the United States. 


>, 1957. 


College Research Staffs 
With the M.I.T. Survey available, 


the next step in approaching the sub- 
ject of this paper was to gather data 
concerned with the salaries being 
paid to full-time professional research 
personnel employed at the univer- 
sities. Such information not being 
available, requests were sent to the 
Presidents of 63 Land Grant Colleges 
and State Universities and 18 addi- 
tional educational institutions carry- 
ing on extensive 
grams. 

This mailing list was prepared by 
Dr. H. W. Barlow, Director of the 
Washington State Institute of Tech- 
nology at Pullman, Washington. It 
was requested that data be supplied 
in the same form as that used for the 
M.IL.T. Survey. Responses were re- 
ceived from 77 of the 81 universities, 
of which 45 supplied useful informa- 
tion. The numbers of full-time pro- 
fessional research personnel employed 
at these institutions are noted below: 


engineering pro- 


No. of full-time 
professional 
research personnel 


No. of schools 
reporting 
100 or more 
50 to 100 
10 to 50 
Fewer than 10 


Of the 32 supplying no data, most 
indicated that no professional person- 
nel were employed on research full 
time; a few could not supply the data 
in the form requested; others could 
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not comply because of lack of time. 
Many in this group indicated that 
most of their faculty members spent 
varying amounts of time on research. 
It is true that the time available was 
short, and the remarkable return is 
indicative of the degree of interest 
and whole-hearted cooperation dis- 
played by the officials of the par- 
ticipating universities. 


Faculties 

The third area for consideration 
concerns the salaries paid to engineer- 
ing faculties; and since several sur- 
veys have been conducted in this area 
during the past year, it seemed best 
that an attempt be made to use the 
data already available. Furthermore, 
it appeared inappropriate to ask the 
universitiy administrators to supply 
further information. 

The National Education Association 
in a Research Bulletin dated October, 
1956, provided a great deal of infor- 
mation on “Salaries Paid and Salary 
Practices in Universities, Colleges, 
and Junior Colleges, 1955-56.” Un- 
fortunately, the data were not pre- 
sented in a form adaptable for use in 
this paper. The Special Surveys Com- 
mittee of Engineers Joint Council pre- 
sented in January, 1957, Report Num- 
ber 102 entitled “Professional Income 
of Engineers, 1956,” from which per- 
mission was granted to use the data 
and curves setting forth “Basic Teach- 
ing Salaries of Engineers in Engineer- 
ing Education.” The Engineering 
Manpower Commission of Engineers 
Joint Council, during December, 1955, 
and the first quarter of 1956, also pre- 
pared a paper entitled “Supply—De- 
mand and Salary Structure of Engi- 
neering Education Staffs,” data from 
which are used herein with permis- 
sion from the Engineers Joint Council. 


M.1.T. Survey Basis 
Because the M.I.T. Survey data 
form the basis for consideration of in- 
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dustrial research salaries, the ap- 
proach used in conducting the survey 
should be explained. Each group par- 
ticipating was contacted personally 
so that a clear understanding existed 
between those supplying data and 
those using it as to the purpose of the 
study, the type of information desired, 
the manner in which the data were to 
be applied, and the end results ex. 
pected. The 21 participating com. 
panies supplied a sample of 13,786 
individual salaries. The data col- 
lected were treated in the manner 
commonly employed in dealing with 
maturity curves, age being plotted 
against monthly salary. 

The arithmetic mean was selected 
as a measure of the central tendency 
of the data acquired for the following 
reasons: 


1. It describes the distribution by 
selecting a score which can be as- 
sumed to be typical of that distribu- 
tion. 

2. Each score is taken into con- 
sideration, so that misrepresentation 
of central tendency in distributions 
which are positively skewed is 
avoided. The distribution of research 
salaries is so skewed because of the 
large numbers of younger personnel 
in the field. The use of median 
values, a common approach, yields an 
abnormally low curve which does not 
accurately picture the distribution as 
a whole and may effectively disregard 
as much as 50 per cent of the sample. 

3. The mean falls near the center 
of distribution, midway between the 
two extremes of the range, whereas 
the median value in positively skewed 
distributions falls closer to the lower 
limit of the range. 

4. The mean has high reliability 
from one distribution to another. 


As a measure of dispersion, the 
root-mean-square deviation or stand- 
ard deviation was employed. The 
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latter is simply an average deviation 
of scores which are dispersed about 
the arithmetic mean. It has the ad- 
vantage of being symmetrical about 
the arithmetic mean, while quar- 
tiles are not always symmetrical about 
the median. The area contained 
within the limits of the plus-or-minus 
1 standard deviation contains about 
68% of the total sample. The stand- 
ard deviation is less subject to sam- 
pling and grouping errors, and gives 
a measure of higher reliability. In 
plotting the results of the survey, the 
distribution of the number of salaries 
for each age group was pictured on a 
bar chart. 

The data collected on university re- 
search salaries were handled in the 
same manner as for the M.I.T. Sur- 
vey. Although the sample was much 
smaller, a quite uniform dispersion 
was evident out to age 40. The sam- 
ple available totaled about 3200, al- 
though some of the data were not in 
useable form, and some arrived too 
late to be 

For direct with the 
M.LT. Survey, the mean curve and 


included. 
comparison 


the plus-or-minus 1 standard devia- 
tion were computed. Figure 1 shows 
graphically the results of the M.I.T. 
Survey and the university research 
salaries on a single chart. 

There are several points to keep in 
mind when chart. 
Monthly salaries are used in all cases, 


reviewing this 


and the university survey can be con- 
sidered on the same basis as the in- 
dustrial in that nearly all of the 45 
schools supplying data indicated 
clearly that the full-time research per- 
sonnel were employed on a 12-month- 
per-year basis. Two schools did state 
that employment was for a shorter pe- 
riod, but since only 5 persons were 
involved, they do not affect the results 
significantly. 


Each school reporting was asked to 
indicate whether or not a salary dif- 
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ferential existed between the full-time 
research personnel and the teaching 
faculty. Ten of the 45 schools supply- 
ing data indicated that some scale dif- 
ferential did exist, and these schools 
had 1140 full-time research staff. The 
remaining 35 schools, with 2060 staff 
members, noted no scale differential. 
Figure 2 bears out the fact that there 
is a noticeable difference in scale for 
those schools which indicated a dif- 
ferential. 

Although no information regarding 
vacations was requested, it was in- 
dicated in many cases that one month 
was generally in order, although there 
were cases of two weeks after one 
year of employment and three weeks 
after five to ten years, perhaps some- 
what better than that generally of- 
fered by industry. 

The question of fringe benefits was 
also raised; in most cases it appeared 
that full-time research staff received 
the same consideration for sick leave, 
retirement, hospitalization and health 
insurance as did the teaching staff. 
As to tenure plans, there seems to be 
no set approach, about 60 per cent of 
the schools treating research staff in 
the same way as teaching faculty. 

Perhaps of primary importance in 
comparing salary scales is the han- 
dling of outside consulting privileges. 
There seems to be no clear-cut pat- 
tern. Twenty-five of the schools, re- 
porting 925 people, allow consulting 
work; seventeen, employing 1995 staff, 
do not; three colleges, with 280 full- 
time research staff, have no policy 
stated or do not make their position 
clear. 

It is perhaps of some interest to con- 
sider the consulting privileges ac- 
corded to research staff in those ten 
institutions having some salary scale 
differential. Four of these schools, 
employing 839 full-time research staff, 
do not allow consulting; five, employ- 
ing 219, do; and one, employing 82 
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persons, allows it in special cases. 
These figures fail to prove much, al- 
though it does appear that nearly 75 
per cent of the research staff employed 
in universities paying such people at 
a higher rate than teaching faculty are 
not accorded consulting privileges. 

The data immediately available and 
concerned with engineering teaching 
salaries are not in a form which allows 
comparison with the M.I.T. survey as 
originally prepared. The M.I.T. data 
had to be reworked to determine the 
median and upper and lower quartile 
curves and, as will become apparent, 
several assumptions had to be made 
to prepare charts which make possible 
comparative study. 

The Engineers Joint Council Report 
Number 102 presents a curve for 
Basic Teaching Annual Salary of En- 
gineers in Engineering Education by 
vear of Entry in the Profession. The 
data for this were obtained through in- 
dividual questionnaires received from 


educators, an approach which was 
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employed in recognition that the ma- 
jority of engineering educators supple- 
ment their salaries through earnings 
in other engineering activities. 

Data regarding total earnings were 
also obtained in this survey but are 
not used in this paper. Some of the 
material from the EJC survey is het- 
erogeneous because the salaries re- 
ported may be either on a calendar or 
academic year base. However, Fig- 
ure 3 attempts to reproduce the EJC 
curves so that they can be compared 
with the M.I.T. 
salaries. 


survey of research 

The Engineers Joint Council ac- 
cumulated and presented further in 
formation on Engineering Faculty Sal- 
aries for the Academic Year 1955-56 
An attempt is made here to correlate 
the this with the 
M.L.T. Survey data reduced to median 
The EJC data 
used are set forth in Table I. 

The approach made endeavors to 


Es 
results of survey 


and quartile curves. 


outline the areas into which most of 
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the salaries for each grade of profes- Comments 
sor fall. Certain assumptions we re- 
quired; the first of these is that the 
great majority of Assistant Professors 
fall within the 25 to 40 age group, As- 
sociate Professors in the 30 to 50 age 
group, and Professors in the 35 to 65 
age group. 


Salary surveys become historical 
records as soon as the data are col- 
lected. Single surveys in themselves 
do not indicate trends, but show a 
situation as it exists at a given point 
in time. Survey figures need to be ac- 
cumulated from year to year in order 
that trends can be established which 
will allow universities to pace them- 
selves and maintain such relationships 
with industrial research salaries as 
may be considered expedient. 


The limits of the areas shown on 
Figure 4 were then determined as fol- 
lows, using the Assistant Professor 
grade as an example: the lowest of the 
lower limit of monthly salary, $367, 
was plotted at age 25 years, and the 
highest, $667, at 40 years; these two 
points were then connected. Sim- 
ilarly, the lowest of the upper limit, 
$478, was plotted against age 25 years, 
the highest, $939, at 40 years, and 
these points were connected. 


This presentation can be considered 
as no more than a rough qualitative 
approach to the problem. Data for 
the three areas considered, namely: 
industrial engineering research, uni- 
versity engineering research, and uni- 
versity engineering teaching, should 
be collected during a common period 
and with as much personal contact as 
possible, rather than by means of 
questionnaires sent through the mails. 
The data from all sources should be 
analyzed on a common basis. It 
would appear that such a survey 
could best be conducted during the 
period beginning July 1 so that the 
results might be available by the be- 
ginning of the calendar year. 

It is clearly recognized that the 
data presented herewith are out of 
date by now. Experience of the past 
few years, combined with information 
as to starting salaries offered 1957 
‘ / graduates in engineering and science, 
ten that the faculty personnel receive clearly indicates that industrial re- 


their rate for only nine months, while search salaries are continuing to rise 
° ° wwe — = 
the research people are paid at their The , 


rates for twelve months. 


These lines, depicting the lower 
limits and upper limits, were then cut 
to include only the figures for the 
bracket containing the majority of In- 
stitutions. The figure was closed at 
the 25-year end, but left open at the 
{0 year end, because there are some 
\ssistant Professors beyond this age 
limit. 

In a similar way, areas containing 
the salaries paid to Associate Profes- 
sors in 82 per cent of the institutions 
reporting and Professors in 71 per 
cent of the schools reporting were 
plotted. When comparing these fac- 
ulty salaries with the industrial re- 
search salaries, it must not be forgot- 


universities are giving serious 
consideration to both their teaching 


@) 7 j “qV1C8e ‘ecarding Tig ‘e 
duestions raised regarding Figure and research salary scales, and no 


4 have prompted the authors to con- 
vert the curve for industrial research 
salaries so that it shows annual sal- 
aries for comparison with the basic 
annual teaching salaries of engineer- Certain facts do appear self-evident. 
ing faculty. It is felt that Figure 5 The salaries paid to full-time research 
may present data in a more informa- personnel by universities are consider- 
tive manner. ably below the industrial scale. Even 





doubt July 1, 1957 salaries were higher 


than those shown on the charts ap- 


searing with this paper. 
I £ 
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those institutions having some differ- 
ential between research and teaching 
faculty salaries are below the indus- 
trial scale. While it is true that uni- 
versity research staff members are 
presumed to gain much more than 
pecuniary recompense from their en- 
deavors, the magnitude of the salary 
differential must have limits. 

The university research salaries for 
those institutions indicating no differ- 
ential with teaching salaries are de- 
cidedly on the low side, while the 
areas outlined in Figures 4 and 5, par- 
ticularly for Assistant and Associate 
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Professors, show that most of the sal- 
aries are on the low side. 

Outside consulting and summer 
employment for engineering faculty 
members is often encouraged by the 
universities as improving teaching 
ability, but it appears that in many 
cases this work may be necessary in 
order for faculty to exist. 

The authors do not wish to draw 
further conclusions from the informa- 
tion available, but hope that those in- 
terested in the problems highlighted 
may obtain some assistance from the 
data presented. 





ANALYSIS OF EDUCATIONAL POTENTIAL 


IN ENGINEERING COLLEGES 


(Continued from page 593) 


have no accreditation by ECPD. Of 
the 22,539 bachelor’s degrees granted, 
20,200 (89.5%) were awarded by 
ECPD-accredited schools, which also 
accounted for 4339 master’s degrees 
(96.7% ), and all doctor’s degrees in 
engineering. 

There are 14 land-grant colleges in 
Group I, 5 in Group II, 7 in Group 
Ila, 20 in Group III, and 6 in Group 
IV. In this list, the Massachusetts 
land-grant is divided between the 
Massachusetts Institute of Technology 
and the University of Massachusetts. 

Table Il shows the number of de- 
grees awarded in engineering and the 
physical sciences for the years 1947-8 


through 1954-5. 


In engineering, the 
bachelor’s degrees awarded have de- 


creased by one-third. In all fields 
shown the master’s degrees awarded 
have increased little, and in chemistry 
have actually decreased. The doc- 
torates awarded have about doubled 
in all fields shown, but the numbers 
are far below our needs. 

With lower numbers of bachelor’s 
degrees being awarded, the likelihood 
of a substantial increase nationally in 
master’s and doctor’s degrees seems 
not immediate, unless vigorous atten- 
tion is given to a real strengthening of 
our schools of engineering and sci- 
ence. 





A MINORITY GROUP AS A SOURCE 
OF ENGINEERING MANPOWER 


ROBERT KIEHL 


Acting Chairman, Department of Personnel Relations 


The shortage of engineers of the 
past several years has been one of the 
major concerns of the United States. 
The Engineers Joint Council's Engi- 
neering Manpower commission has 
published a Newsletter (1) since 1951 
that is devoted largely to this shortage 
and how to alleviate it. Wolfle’s 
America’s Resources of Specialized 
Talent (2), the National Manpower 
Council's A Policy for Scientific and 
Professional Manpower (3) and The 
Educational Policies Commission’s 
Manpower and Education (4) are 
some of the works that have dealt 
with such manpower problems. 

The consensus of all sources seems 
to be that the solution to the problem 
of supplying engineers is not simply to 
entice qualified men away from other 
professions or high-level occupations. 
It is, rather, that we make the best pos- 
sible use of the total qualified man- 
power that this country possesses. 

In 1956 Eli Ginzberg’s (5) The 
Negro Potential was received with 
great interest. Ginzberg called atten- 
tion to the striking under-utilization 
of the Negro in skilled work and in 
professional employment. 

Starting in 1954 and running through 
1956 this author conducted a study 
(6) of the opportunities for Negroes 
in engineering. Part of this study—a 
doctoral dissertation at Rutgers, The 
State University—supplied the data 
on which this article is based. The 
data support the theory that a partial 
solution of the engineering manpower 
shortage could come from encourag- 
ing more qualified Negro youth to en- 
ter the engineering profession. 


Newark College of Engineering 


The U. S. Census figures for 1950 
(7) showed that there was one Negro 
engineer in the United States for ap- 
proximately 300 white engineers, [f 
the ratio of Negro engineers to white 
engineers could be brought closer to 
the one in ten that Negroes represent 
in our total population, many addi- 
tional engineers would be available to 
help alleviate present or future engi- 
neering manpower shortages. : 

Three questions remain to be an- 
swered before it can be concluded 
that Negroes will be of appreciable 
help in serving our society as engi- 
neers. They are: 


1. Are there training opportunities 
for Negroes in our accredited engi- 
neering colleges? 

2. Are there employment opportu- 
nities for Negro engineers? 

3. Can today’s Negro achieve full 
professional status in engineering? 


Training Opportunities 

In June of 1956 a request for in- 
formation on the numbers of Negro 
students at each institution was sent 
to the deans of the 150 ECPD-ac- 
credited engineering colleges. The 
deans were most cooperative in the 
number and nature of their responses. 
Of the 150 questionnaires, there were 
143 (95%) returns, representing at 
least one coilege in each of the 4 
states. 

Many of the deans stated that it 
was contrary to college policy, and 
sometimes to state laws, to keep rec 
ords according to race; consequently 
they were handicapped in reporting 
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Some therefore supplied information 
based on the memories of their de- 
partment heads or on the personal 
knowledge of registration officials. 
The most important single fact emerg- 
ing from the data was that there were 
Negro students in attendance in at 
least 73 of the engineering colleges. 

There were 108 deans who listed 
actual numbers of Negro students 
totaling 454. These students were not 
distributed evenly among all four 
years of college. There were 242 (or 
one to every 152 other students) in 
the freshman year. The number de- 
creased progressively each year. In 
the senior year there were 43 such 
students (or one to every 364 other 
students ). 

The questionnaire to the deans con- 
tained space for comments. All but 
two of the many who commented 
were favorable to the idea of more 
Negroes entering the engineering pro- 
fession. An example of the remarks 
was, ‘I see no problem, and I can en- 
vision no problem.” Another stated, 
“Of course Negroes should be utilized 
to the fullest extent of their training 
and capabilities, whether there is a 
shortage or not.” A third stated: 


We would welcome more qualified 
Negro applicants than we are getting 
and, if such applicants were forthcoming, 
they would be admitted, educated, and 
placed in exactly the same fashion as are 
all other potential students. 


Some of the deans directed their 
comments to the help that Negro en- 


gineers could be in solving manpower 
shortages. Most were of the opinion 
that there is a Negro potential that 


could and should be used. As one 
dean pointed out, “It could be an im- 
portant supplement to the engineer- 
ing manpower shortage if more Ne- 
groes would study engineering and 
enter the profession.” Another said: 
“Any qualified engineer, regardless of 


race, color, or creed, should be uti- 
lized.” 

The comments quoted above were 
typical. The two deans who were not 
enthusiastic, however, expressed the 
opinion that there would be place- 
ment problems with Negro engineer- 
ing graduates. 


Employment Opportunities 


Information on employment oppor- 
tunities for Negro engineers was ob- 
tained from industrial firms and from 
the employment records of Negro en- 
gineers. Ninteen companies—the larg- 
est in their respective manufacturing 
fields—were asked for information 
concerning the number of Negro en- 
gineers employed. All nineteen of 
the companies replied. It was learned 
that among firms that had over 26,000 
engineers, there were between 40 and 
65 Negro engineers employed. 

Comments of the employers were 
of three general types. First, the 
firms emphasized that they kept no 
record of the race of employees. Sec- 
ond, they stated they were willing to 
hire Negroes. Third, there was a lack 
of qualified Negro applicants for the 
engineering positions. 

To supplement this direct response, 
a second industrial source of informa- 
tion on the employment opportunities 
of Negro engineers was used. “Help 
Wanted” advertisements in the news- 
papers of the 41 largest United States 
cities were surveyed, and question- 
naires were sent to each of 102 firms 
that had advertised for engineers on 
the same day across the country. 
These were smaller firms than those 
in the first group. The same ques- 
tions were asked of this group of 
firms, but, possibly because in this 
case the replies were anonymous, the 
information returned was more de- 
tailed. 

Of the second group of employers, 
56 (55% ) replied that they employed 
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15,500 engineers, 81 of whom were 
Negroes. The comments of these em- 
ployers were similar to those of the 
first group. Almost three-quarters of 
those who commented were favorable 
to the employment of Negro engi- 
neers. Many wrote of the lack of 
Negro applicants. 

Although the total number of Ne- 
gro engineers employed in both 
groups of companies was not large 
(about one for each 500 white engi- 
neers for the first group of companies, 
and one for every 200 in the second 
group), it is significant that 50% of 
all of the companies queried were ac- 
tively interested in Negro engineers 
as employees. That is, 28% of the 


companies employ Negro engineers, 
and 22% more wish to employ them 
but do not receive applications for 
employment from them. 

The other main source of informa- 
tion on the employment opportunities 
is the employment records of Negro 


engineers themselves. A list of 140 
such men was obtained from the sec- 
retaries of two associations of Negro 
engineers. Almost all of these men 
had received one or more engineering 
degrees between 1899 and 1954. They 
were revealed as having successful 
careers in private industry, Civil Serv- 
ice, and in teaching. Every single 
one of the respondents answered that 
he would advise qualified Negro 
youths to choose an _ engineering 
career today. 


Professional Status 

In order to learn if Negro engineers 
had achieved full professional status, 
it was first determined that Negroes 
are members of the chief engineering 
and professional societies. 

The second source of information 
on the professional status of the Negro 
in engineering came from answers 
that the Negro engineers themselves 
gave to such questions. For 76 Negro 
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engineers who answered that their 
work had professional status and four 
who answered that their work was 
professional “in part,” there were only 
five who stated that their work was 
not at the professional level. The 
men who claimed professional statys 
estimated that they achieved this leye] 
of work in an average time of less 
than three years. 

Apparently, then, the door is open 
to full membership in the engineering 
profession for members of the Negro 
race. Further, there are both training 
and employment opportunities avail. 
able at the professional level for Ne- 
groes. The members of the minority 
group therefore represent a_ potential 
source of manpower for the allevia- 
tion of present or future shortages of 
engineering talent. 
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This article was submitted for publication without solicitation. 
Everyone under 40 should read it. 


During the summers of 1956 and Nuclear Engineering 
1957, the American Society for En- The Nuclear Engineering Institutes 
gineering Education, the National are general courses, at the introduc- 
Science Foundation, and the Atomic tory level. At Brookhaven, mornings 
Energy Commission co-sponsored sev- —_ were devoted to lectures, while lab- 
eral nuclear institutes for engineering _ oratory experiments were performed 
college teachers. This paper gives in the afternoons. The two daily lec- 
some first-hand impressions of the tures were delivered for the most part 
proceedings and reviews the accom- _ by members of the permanent Brook- 
plishments of the two schools which I haven staff, although experts from 
attended, the 1956 Nuclear Engineer- various sections of the country par- 
ing Institute at Brookhaven National ticipated in a nuclear reactor sym- 
Laboratory and the 1957 Nuclear  posium held during 
Metallurgy Institute at the Ames Lab- eighth weeks of the 
oratory of the Atomic Energy Com- Series of talks on 
mission, lowa State College. the nuclear 
From communications with individ- 
uals who participated in other phases 
of the program, including Nuclear 
Engineering at Argonne National Lab- 
oratory, 1956, and at Brookhaven, 
1957; Reactor Theory at Oak Ridge 
National Laboratory, 1957; Properties 
and Techniques of Operation of the 
Argonaut Reactor at Argonne, 1957; 
Chemical Processing at Hanford, 1957, 
I believe that my experiences are 
Man- representative. 
gton: In the summer of 1956, 30 college 
E the teachers from 21 institutions in the 
a United States and Puerto Rico gath- 
“al ered at Brookhaven National Labora- 
tory for an eight-week course of study. 
» Ne- The group was composed of four 
pering chemical engineers, three civil engi- 
“a neers, five electrical engineers, six me- 
sand chanical engineers, seven physicists, 
Cen. four chemists, and one metallurgist. 
in The distribution by academic rank and disadvantage factor of the Brook- 
shing- was eight professors, eleven associate — haven reactor, and a period determi- 
Office, professors, eight assistant professors nation of a critical assembly. 
and three instructors. Four of the class In nuclear physics, the cross section 
members were heads of departments. of cadmium was determined and neu- 
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the seventh and 
course. 

major phases of 
power program were 
given after introductory lectures on 


nuclear physics. Among major topics 
covered were reactor physics, health 
physics, instrumentation, nuclear 
chemistry, reactor heat transfer, chem- 
ical processing of fuels, fission-product 
utilization, waste disposal, nuclear 
metallurgy, shielding, and mechanical 
design. In addition, special topics 
such as particle accelerators and re- 
search reactors were discussed. 

In the laboratory, the class was as- 
signed in squads of six and experi- 
ments were performed with most of 
the laboratory facilities available at 
Brookhaven. The experiments were 
carefully planned and organized with- 
in the framework of the over-all pro- 
gram. Among the topics scheduled 
were neutron age measurements, ex- 
ponential assembly measurements, 
measurements of the flux distribution 


Man- 
liver- 











tron diffraction studied. The nuclear 
engineering experiments involved 
study of heat transfer, graphite ir- 
radiation, uranium microstructure, 
liquid-metal corrosion, metallic solu- 
tion activity, liquid-metal filtration 
and waste-solution processing. 
Nuclear chemistry experiments in- 
cluded measurement of half-life, ra- 
dioactive identification, Co* calibra- 
tion and radiation polymerization. 
Two interesting experiments in health 
physics were instrument calibration 
and a field exercise in the waste- 
processing area of the laboratory. 


Nuclear Metallurgy 


The Nuclear Metallurgy Institute 
at Iowa State College in 1957 was an 
advanced course in a more specialized 
area of the nuclear power program. 
Twenty men attended the session, rep- 
resenting 17 different institutions scat- 
tered throughout 15 states and Puerto 
Rico. 

Of those attending the institute, 
one was a professor, nine were asso- 
ciate professors, eight were assistant 
professors, one was a research profes- 
sor, and one was an instructor. Eight 
of the men were members of chemis- 
try or chemical engineering depart- 
ments; one represented mineral and 
metallurgical engineering; one, metal- 
lurgy; two, metallurgical engineering; 
three, mechanical engineering; one, 
physics; two, civil engineering; one, 
mechanics; and one, ceramic engi- 
neering. 

The course consisted of three lec- 
tures every morning and a laboratory 
exercise each afternoon, for a period 
of eight weeks. Major lecture topics 
were nuclear physics, radiochemistry, 
health physics, solid state physics, 
analytical chemistry, principles of re- 
fractories, principles of extraction, 
and metallurgy of uranium, niobium, 
tantalum, zirconium, hafnium, and 
thorium. 
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In addition, considerable time was 
spent on waste disposal, reactor mate. 
rials, corrosion of fuel elements, and 
the chemistry of fused salts and rare 
earths. Solid state physics received 
major emphasis. Members of the 
teaching and research staffs of the 
College and the Ames Laboratory de- 
livered the lectures. 

The laboratory experiments were j]- 
lustrative of all aspects of the lecture 
material. The class was fortunate in 
having the opportunity to use or see 
demonstrated facilities and equipment 
of the Ames research laboratory. 

An indication of the wide variety 
of experiments performed can be ob- 
tained from the following titles: phys- 
ical and mechanical properties and 
metallography of uranium and thor- 
ium alloys, cathodic etching, specific 
heat by the pulse method, ultrasonic 
measurements, interpretation of X-ray 
powder patterns, mass spectrography, 
magnetic susceptibility measurements, 
distribution of impurities by autora- 
diography, internal friction measure- 
ments, simulated column, ion ex- 
change, preparation of uranium metal, 
internal friction measurements, ther- 
mal diffusivity measurements, and in- 
strumental analyses. 


Results 


Both of these institutes attained 
their immediate objective, which was 
the training of engineering college 
teachers in nuclear science. The out- 
standing contributions of the Brook- 
haven institute were the presentation 
of basic principles of nuclear science, 
problems inherent in the nuclear 
power program, and introduction of 
the student to nuclear terminology 
and nomenclature. 

The Nuclear Metallurgy Institute at 
Ames performed an excellent service 
by giving a thorough discussion and 
evaluation of the metallurgical and 
reactor material problems in the n- 
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clear field. Brookhaven stimulated 
the men in the group to an interest in 
the curricular aspects of nuclear sci- 
ence and technology, while Ames 
helped develop additional — back- 
ground for teaching and research in 
a specialized area. A large majority 
of those who attended the institutes 
are now actively engaged in teaching, 
research, or the organization of cur- 
riculas in nuclear science. 

Perhaps the most important conclu- 
sion reached by the classes at both in- 
stitutes is that there is no justification 
for an undergraduate curriculum lead- 
ing to a nuclear engineering degree. 
As a matter of fact, at the conclusion 
of each institute, no one could agree 
upon what is meant by “nuclear en- 
gineering. The problems in the nu- 
clear field are solved by the same 
principles which are fundamental to 
the traditional engineering curricula, 
with the complication that the un- 
usual properties and reactions of nu- 
clear materials and processes must be 
considered as well. 

Indeed, can there be such a person 
as a “nuclear engineer?” To my 
mind, he would have to be an excel- 
lent chemical, mechanical, civil, and 
electrical engineer, as well as a metal- 
lurgist and a nuclear physicist, all 
rolled into one. Consideration of the 
teamwork required in the solution of 
past and current nuclear reactor prob- 
lems, and the composition of these 
teams indicates that true “nuclear engi- 
neers,’ if they do exist, are few and 
far between. 


Nuclear Teaching 


If this conclusion is valid, then the 
best approach to the teaching of nu- 
clear science and technology on an 
undergraduate level would be the in- 
corporation into existing curricula of 
problems relating to the nuclear field. 
Thus, a course in unit operations of 
chemical engineering may include 
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solvent extraction of uranium and 
plutonium from fission products. <A 
mechanics of materials class may well 
cover some of the properties of reac- 
tor materials. 

Electrical engineering subjects can 
cover electromagnetic pumps or some 
of the reactor control circuits. The 
unusual heat transfer situations in re- 
actors can be discussed in heat trans- 
fer classes. Of course, a suitable 
background in nuclear science can be 
introduced by subjects such as nu- 
clear physics, nuclear chemistry, or an 
introduction to “nuclear engineering.” 


Advantages of Institutes 


It seems essential that more engi- 
neering instructors become familiar 
with basic nuclear science and the 
manner in which their specific disci- 
plines can be applied to the solution 
of nuclear problems. The opportu- 
nity offered by the Atomic Energy 
Commission and the American Society 
for Engineering Education during the 
past two summers has been a golden 
one. In anticipation of similar insti- 
tutes for the immediate future, | 
strongly urge our engineering instruc- 
tors, especially the younger ones, to 
take advantage of the offerings. 

Aside from the obvious benefits to 
the individual and to his institution, 
attendance at a nuclear institute can 
improve one’s teaching in other re- 
spects. For example, the college 
teacher becomes a regular student 
again, in some cases for the first time 
in many years. As a result of being 
continuously on one side of the po- 
dium, many of us lose our perspective. 
After our experiences at the institutes, 
those of us who attended feel that we 
are better conversant with the stu- 
dent's attitudes, and with reasons why 
a lecture can succeed or fail, than 
we were two years ago. 

Secondly, the diversity of back- 
ground of the members of the class, 
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the close and cordial relations that tary a fashion, while others may deery 
usually develop when most of the _ the difficulty of the lectures. 
class members live together, and the Also, there may be some repetition 
inevitable and frequent informal dis- by different institutes and among lec. 
cussions are bound to broaden one’s tures at a given institute. But these 
outlook. Finally, the genuine friend- _are difficulties which are outweighed 
ships that are made among the class __ by the advantages enumerated above, 
members and between student and Furthermore, with increased numbers 
; teacher are permanent souvenirs of a _—_ of applicants, future classes can un- 
summer well spent. doubtedly be more homogeneous be- 
It should be noted that the great cause of the greater selectivity pos- 
difference in background may some- sible in accepting candidates. 
times work to the disadvantage of the In conclusion, it is my opinion that 
group. The presentation of subject nuclear institutes sponsored by the 
matter must be modified, depending American Society for Engineering 
on the past experience of the students. Education are representative of the 
As a result, a few may complain that fine contributions the society has 
the material is treated in too elemen- made to engineering education. 








COLLEGE ADMINISTRATION INSTITUTE REPEATED 







The Institute on College and University Administration at the 
University of Michigan will be held again this summer from July 7 
to 11 inclusive. Objective of the program is to offer present and 
prospective administrators an opportunity to study together, and 
with resource leaders, some of the basic problems of college and 
university administration. Each day will be devoted to some 
major phase of administration, approached in two ways: (1) 
presentations by men of unusual experience, and (2) discussion 
centered upon problems arising from the group. Engineering 
administrators will be welcomed. 

The themes for discussion and the resource leaders will include: 
curriculum administration, Frank R. Kille; institutional self-studies, 
Floyd W. Reeves; developmental programs, Paul R. Franz, Jr., and 
Alan W. MacCarthy; administrative organization and efficiency, 
H. J. Heneman of the firm Cresap, McCormick and Paget; and 
trends in higher education affecting administration, Algo D. 
Henderson, who, with the assistance of James M. Davis, directs 
the Institute. 

The Institute is under the auspices of the Center for the Study 
of Higher Education at the University. Last July, the enrollment, 
which was limited to sixty, included 23 presidents or representatives 
of the president’s office, 26 deans, and 11 other persons; total 
attendance came from 21 states. 





























WORKTEXT TEACHING AID 
IN ADVANCED APPLIED MATHEMATICS 


No one need remind us of the rapid 
rate at which knowledge in all fields 
is outstripping the ability of individ- 
uals to assimilate new information. 
This is particularly true in the field of 
advanced applied mathematics. The 
worktexts described herein were con- 
ceived and executed to alleviate the 
difficulties of incorporating new knowl- 
edge into academic programs in math- 
ematical engineering and physics. 

The word “worktext” is the con- 
traction of two words, “workbook” 
and “textbook.” The worktext is a 
textbook that presents developments 
which extensively utilize incomplete 
equations for which the student sup- 
plies the missing terms. As a work- 
book, it incorporates the necessary 
textual material at the given level, so 
that additional references are not re- 
quired in working through the the- 
ory and examples. Thus the advan- 
tages of text and workbook are com- 
bined. By completing the omitted 
portions of the equations, the student 
learns the textual material and devel- 
ops manipulative skill. 

Since time is of the essence in train- 
ing technical personnel, a major ob- 
jective of the worktext is to develop 
competence in employing a mathe- 
matical discipline to a given degree of 
proficiency in a minimum amount of 
time. By utilizing worktexts, both to 
develop skills and to review the stu- 
dent’s knowledge, the instructor gains 
classroom time in which to enrich and 
expand the subject matter of the 
course, 


Historical Background 


The need to institute the worktext 
method grew out of experience in the 
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Professor of Electrical Engineering 
Illinois Institute of Technology, Chicago 


Electrical Engineering Department of 
Illinois Institute of Technology where 
a three-year program in field theory 
is offered for graduate students. This 
program consists of two semesters of 
advanced electricity and magnetism, 
two semesters of advanced micro- 
waves, and one semester each of ra- 
diation and antenna theory. 

As long as these courses were taken 
in sequence, the required mathemat- 
ical tools beyond the normal pre- 
requisites could be included in the 
field theory program. However, with 
a program of this length, it has not 
been feasible for everyone to take 
the courses in the same sequence. In 
order to have new students start the 
program each year, without running 
several overlapping series of courses, 
it was necessary to remove the pre- 
requisite sequence of the work. Thus, 
it became impossible to provide the 
mathematical preliminaries to each 
course without excessive, 
suming repetition. 

The suggestion naturally arises that 
students take prerequisite mathemat- 
ics courses in the mathematics depart- 
ment, and in actuality they are re- 
quired to do just that. However, the 
desired material is spread over an un- 
realistically large number of courses. 
Furthermore, mastery is rarely gained 
by a student during his first exposure 
to a discipline. The worktext sup- 
plies the more extended second ex 
posure that is generally needed to 
gain this mastery, and elaborates par- 
ticularly pertinent topics. The work- 
texts are passed out as supplementary 
assignments required of all field the- 
ory students who have not previously 
completed them. Satisfactory com- 
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pletion of the worktexts goes a sub- 
stantial distance toward providing an 
adequate working facilitiy with the 
mathematics utilized in the field the- 
ory program. An additional benefit is 
that the worktext familiarizes the stu- 
dents with a single, systematic nota- 
tional scheme. 

Worktexts were instituted for the 
first time in 1952. Students received 
the assignment very favorably, in spite 
of the extra load it appeared to entail. 
The use of worktexts clearly increased 
their accumulation of knowledge and 
comprehension per unit time, and 
gave them a greater sense of accom- 
plishment. Many former students and 
other individuals requested copies of 
the worktexts for their own use as a 
review, applicable to current on-the- 
job problems. 

To date the following worktexts 
have been prepared and utilized: 


1) Vector Analysis 


Worktext * 422 pages 
2) Orthogonal Series 

Worktext 48 pages 
3) Fourier Analysis 

Worktext 143 pages 
4) Matrix Theory 

Worktext 83 pages 
5) Product Expansion 

Worktext 50 pages 
6) Function Integral 

Worktext 28 pages 
7) Bessel Function 

Worktext 59 pages 
8) Associated Legendre 

Function Worktext 48 pages 
9) Transmission Line 

Worktext ** 128 pages 


In choosing the topics for which 
worktexts were written the following 
points were considered: 


® A short excerpt of this worktext is shown 
in the Appendix. 

*® Although transmission line theory may 
not be considered a formal branch of ap- 
plied mathematics, it follows the same pres- 
entational format and serves the same phil- 
osophical objectives; therefore, it has been 
included here. 
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1) The subject matter should be 
common to more than one of the 
graduate courses, 

2) The subject matter should be 
such that the average graduate sty. 
dent has an inadequate command of 
it, even though he may have been 
exposed to it in prerequisite courses, 

3) The subject matter should be 
such that a command of it is essential 
for achieving adequate grasp of the 
course material. 


Worktexts designed to serve the 
needs thus indicated greatly reduce 
overlap between courses and free class 
time for a broader and deeper pursuit 
of the subject matter. 

In writing the worktexts special 
emphasis was given to: 


1) The manner in which mathemat- 
ical constructs are abstracted from a 
set of physical situations. Under- 
standing this procedure greatly aids 
the student in realizing the physical 
significance and utility of the mathe- 
matics. 

2) Avoidance of oversimplification, 
which leaves the student in the dark 
when he encounters other problems 
involving details previously passed 
over. 

3) Inclusion of an adequate nun- 
ber of steps so that the student does 
not have to pursue several blind al- 
leys. The student’s time is far more 
valuable than the extra paper required 
for printing. 

During the summers of 1956 and 
1957 an experimental three-semester- 
hour course was given, based on work- 
texts. The 1956 course utilized: 


1. Vector Analysis 


Worktext 317 pages 

2. Fourier Analysis 
Worktext 143 pages 

3. Bessel Function 
Worktext 59 pages 

4, Function Theory 
Worktext 48 pages 
567 pages 
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The 1957 summer course contained: The courses were conducted in the 
_ Vector Analysis following manner. Approximately 70 
Worktext 422 pages _ to 90 pages of worktext per week were 

9, Matrix Theory assigned. No formal lectures were 
Worktext 83 pages . 


> . given. One three-hour period each 
3 Product Expansion 


M week was devoted to an examination 


Worktext 55 pages 

_ Function Integral . : 
, +4 > reek f va) 1 o 
Worktext 28 pages previous week. A second meeting 


covering the material assigned the 


5, Bessel Function each week was devoted to going over 

Worktext 59 pages the examination in class. At the end 

Associated Legendre of the course the students were asked 

Function Worktext 45 pages to fill in a questionnaire of the form 
691 pages shown below. 


EE 597 QUESTIONNAIRE 14 August 1957 


In order to formulate some concept of the relative value of the worktext 
as a teaching aid, it would be greatly appreciated if you would evaluate 
the following ratios, as objectively as possible, based on your personal 
experien oO; 

How does this course based on worktexts compare with other courses 
based on conventional lecture and study methods, with regard to the 
following items: 


ABBREVIATIONS: PUTPIBSI = per unit time put in by student in 
WC worktext course 
CC conventional course 
Material covered — PUTPIBSI-WC 
Material covered — PUTPIBSI-CC 
Material Learned — PUTPIBSI-WC 
Material Learned — PUTPIBSI-CC 
Manipulative skill developed — PUTPIBSI-WC 
Manipulative skill developed — PUTPIBSI-CC 
d) Comprehension developed — PUTPIBSI-WC 
Comprehension developed — PUTPIBSI-CC 
e) Material covered by worktext course 


Material covered by average conventional 3 hr. course 


The average values for these ratios as given by the 1956 and 1957 groups 
were : 
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The following tables show the answers of the individual students and are 
ordered according to the students examination performance standing in 
the class. 


1956 SumMER CouRSE DATA 


/ 
Grade 


66 


| 


Concluding Remarks time by using the worktext as 
Although no objective statistics are by conventional methods, 
available to illustrate the effectiveness d) 1.4 times as much comprehen- 
of the worktexts, the subjective statis- sion is developed per unit of 
tics collected from the students par- time by using the worktexts as 
ticipating in the courses indicate that by conventional methods. 


on the average = ; : 
These results were obtained with 


a) 2.3 — as men mi ay 1S__-worktexts that were far from optimum. 
covered per unit ¢ > by us- ; ; 
COVEred per UAT Ok Tne Dy Us Improvements in the worktexts should 
ing the worktexts as by conven- ais 
: lead to corresponding improvements 
tional methods, 

b) 1.8 times as much material is 
learned per unit of time by us- 


in their effectiveness. 

It would be desirable to test the 
ing the worktext as by conven- effectiveness of the worktext as 4 
tional methods, teaching tool by setting up an exper 
2.4 times as much manipulative ment in which a control group, using 
skill is developed per unit of conventional methods, serves as 4 








1en- 
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gage of the level of competence 
reached by a group employing the 
worktexts. This has not yet been 
feasible. However, experience sug- 
gests that the worktext not only saves 
the student time in mastering a given 
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amount of material, but saves the in- 
structor time in checking the student’s 
work. 

The author would be pleased to 
hear from anyone interested in these 
worktexts. 


APPENDIX 


Illustration of Worktext Material 


‘HAPTER XI] 


204) VI, (1,0, + 


205) V1 


4 


206 V1 


Gradients of Vectors 


VECTOR ANALYSIS WORKTEX’ 


G.I. COHN 
EE Dept. IIT 


In a general orthogonal coordinate system the gradient of a vector may 


be expressed as 


- 


Va V(1ya1 + leds 


Distributing the gradient operation gives 
Vay )1 Tr 

(20 Va 
avi, i 


To eserve the dyad, the order of 


he unit vectors in an outer product 


must not be interchanged. In this case the unit vectors of the V must 
remain on the left and the unit vectors of a must remain on the right in 
each product. 


In order to save writing, it is convenient to break the evaluation of the 


gradient of a vector into two parts. 


209 Va Va&\ unit vectors 


held fixed 

Hence 

210 Via ae (Va,)1,+ 
held fixed 

(211 VA suite eomponcets a,V1,+ 
held fixed 


Thus, 


Val s alar components 


ld fixed 


Example: As an exercise, evaluate the gradient of a vector in spherical! 


coordinates. 


[ (1,0, + 
(225) Va unit vectors > L 
held fixed 
+ 





In spherical coordinates 


Ja, jl, 


}dle 
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Distributing components and introducing unit dyad notation gives 
g £ 






1,,0,d, + 










(226) V = 








The contribution to the gradient from the variability of the unit vectors is 


a,V1, 


(227) Va scalar components +aV 
held fixed 2 


' 








Using (204) thru (206) to evaluate (227) gives 







a, ( lee 
(228) V = T ag 






Combining (226) and (228) gives for the gradient of a vector in spherical 





coordinates 





Lod, 
(229) Va = + lo, 


tT ly 
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Meeting Date Location Chairman or 
Information 


Southwestern Section April 3-4 Southern Methodist A. R. Burgess, 
University Texas A. & M. College 


















Missouri-Arkansas April 12,1958 Washington L. Gilbransen, 
Section University, Washington U. 
St. Louis, Mo. 










Ohio Section April 19 Ohio State University M. L. Smith, 
Ohio State University 









Southeastern Section April 17-18 University of L. H. Johnson, 
Miami, Florida Tulane University 








April 18-19 West Virginia R. D. Slonneger, 
University West Virginia U. 






Allegheny Section 










Executive Board April 17-19 Miami, Florida Leighton W. Collins, 
Meeting Urbana, Illinois 






Rocky Mt. Section April 26 Colorado School F. Campbell, 
of Mines Colorado School 
Univ. of Detroit of Mines 


















MANNING AND TRAINING FOR THE 
DRESDEN NUCLEAR POWER STATION 


HAROLD G. CARSON 


Staff Engineer, Commonwealth Edison 
Company, Chicago, Illinois 


Adapted from a paper presented at the Conference of the Atomic 
Energy Education Committee, 65th Annual Meeting of ASEE, Cornell 
University, Ithaca, New York, June 19, 1957. 


Commonwealth Edison Company 
and its associate, the Public Service 
Company of Northern Illinois, entered 
the field of atomic energy in 1951. 
No one thought that we would have 
an atomic plant under construction in 
1957, for which a substantial comple- 
ment of trained operating personnel 
would be required by 1959. 

On the other hand, our manage- 
ment, who had been following nuclear 
developments since 1947, were certain 
that the application of nuclear fuel to 
the generation of electricity was a 
future certainty and we planned for 
this revolutionary transition. Thus in 
1950, a group of executives and engi- 
neers were given a 16-week lecture 
course on the unclassified aspects of 
nuclear energy. I think it is of inter- 
est to note that one of the lecturers 
for this course, presented by the Uni- 
versity of Chicago, was Enrico Fermi. 


AEC Study Team Program 


At the same time, members of the 
Atomic Energy Commission were pon- 
dering about “Means of Widening 
Industrial Participation in Atomic En- 


ergy Development.” The Commis- 
sion’s efforts resulted in the well-known 
program of establishing industrial 
study teams that were authorized to 
“study the feasibility of developing 
and operating nuclear reactors for the 
production of plutonium and other 
important materials, together with 
power,” 


It was through this program, which 
for us became effective in April of 
1951 through an agreement with the 
Commission, that our group took their 
first major step into the classified or 
Secret area to learn how nuclear fuel 
could be used to provide electricity. 
In addition, this study team program 
provided a realistic opportunity to be- 
gin training men in the nuclear field. 
These included not only engineering 
and technical, but also accounting, 
financial and executive personnel. 

We next employed a nuclear physi- 
cist and reactor engineer (Dr. Lyle 
Borst) as a consultant. He put the 
group through an intensive course in 
Nuclear Physics and Reactor Technol- 
ogy. This included both theory and 
actual practice in terms of “paper” 
designs and estimates. 


Progress of the Team 

Results were well beyond expecta- 
tions. By the end of the year the 
team’s first report was completed, with 
a detailed design and economic evalu- 
ation for a gas-cooled, graphite-mod- 
erated 350 megawatt reactor coupled 
to a power plant having a net elec- 
trical output of 45 megawatts. 


Expanding the Study Team Effort 


The Study Team was conducted on 
a basis of rotating selected personnel 
in and out of the group. To date, 23 
individuals have spent an average of 
16 months on nuclear work. The 
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value of this experience is best illus- 
trated by mentioning that our present 
Vice President in Charge of Engi- 
neering, our Director of Purchases, 
and five of the twelve top people who 
will run our Dresden Station are 
alumni of the Study Team. 

In 1955, Commonwealth Edison 
Company (Public Service Company 
having merged with it in 1953) joined 
forces with seven other companies to 
form the Nuclear Power Group. Each 
of these member companies assigns 
one or more selected engineers to the 
Study Team, where they participate 
actively in the work of analyzing, 
evaluating, and designing various 
types of nuclear reactors and associ- 
ated generating facilities. 

In addition, selected men of excep- 
tional potential are sent to the Oak 
Ridge School of Reactor Technology 
and are lent to various AEC labora- 
tories for even broader training in nu- 
clear work. This, briefly, was our 
major approach up to the time Com- 
monwealth and its NPG associates 
made a proposal to the AEC to build 
a full scale nuclear power plant. 


Specific Power Plant Training 


We contracted with General Elec- 
tric Company in 1955 to build the 
Dresden Station for $45,000,000. The 
contract specified a completion date 
of 1960 and provided, among other 
things, for the planning and execution 
of a specific training program well in 
advance of the start-up period. 

Because the nuclear part of the 
plant was new to us, we drew on the 
experience of General Electric for this, 
depending on our own background to 
formulate the organization and train- 
ing plans for the conventional part of 
the installation. 

We expect to use four media for 
this training, with each job classifica- 
tion being assigned a specific training 
schedule. The four means are: 
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1. Prepared training manuals, lec. 
tures and specialized courses. 

2. Limited operating practice on 
the Argonne National Laboratory boil. 
ing water reactor. 

3. More intensive operating prac. 
tice on General Electric Company’s 
pilot plant boiling water reactor, now 
under construction at Vallecitos, Cali- 
fornia, and 

4, On-the-job training at Dresden 
during construction and first stages 
of trial operation. : 


The program began last March for 
certain groups, with indoctrination 
courses and nuclear power studies, 
The training is scheduled over a pe- 
riod of about 34 months, with the re- 
quirements for some positions as long 
as 16 months, and the minimum at 
about 4 months. On completion of 
training, about 21 of the operating 
personnel should be qualified to re- 
ceive an AEC operating license for the 
Dresden reactor. This training pro- 
gram is a big undertaking and is esti- 
mated to cost approximately $700,000. 


Formalizing the Program 


With these objectives established, 
we worked with the General Electric 
Company to prepare a comprehensive 
program tailored to the specific group 
needs. 

The class lectures which started in 
Chicago in March and are now pro- 
ceeding in Vallecitos, California, were 
given by personnel responsible for the 
design and construction of the Dres- 
den plant. The material covered 
progress reports and included tech- 
nical explanations and _ discussions 
tailored to the needs of the personnel 
in attendance. Such meetings will 
continue as long as a need exists. 

As an example of the type of mate- 
rial presented, the first orientation tak 
included a discussion of contract pro- 
visions, technical details, and construe- 
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tion progress briefly summarized as 
follows: 


As mentioned previously, this was 
a fixed-price contract with General 
Electric to build the 180,000 kilo- 
watt Dresden Station for $45,000,000. 
Bechtel Corporation is the engineer- 
constructor. 

One-third of the contract price, or 
$15,000,000, is being paid as research 
and development expense over a pe- 
riod of five years by the eight com- 
panies comprising our Nuclear Power 
Group. The remaining $30,000,000, 
plus the site and overhead costs, will 
be paid for and capitalized by Com- 
monwealth, which will own and op- 
erate the plant. 

The research expense assumed by 
the NPG partners was distributed as 
follows: American Gas and Electric 
Service Corporation, Commonwealth 
Edison, and Pacific Gas and Electric 
Company, each $2,833,333; Union 
Electric Company, $2,000,000; Illinois 
Power Company and Kansas City 
Power and Light Company, each $1,- 
500,000; Bechtel Corporation, $1,000,- 
000; and Central Illinois Light Com- 
pany, $500,000. 

By disregarding the $15,000,000 of 
research contributions, we estimate 
that the plant will ultimately produce 
power at a cost, including fixed 
charges, operating expense, and nu- 
clear fuel, of about 34 of a cent per 
kilowatthour. This is about the same 
as the cost of power produced by our 
newest coal-fired plants. 

If the $15 million of research were 
included, the estimated power cost 
would be about 1¢ per kilowatthour, 
or one-third higher than the cost of 
power from our conventional facilities. 


Station Specifications 


Today we have reached a point in 
our design where the reactor enclo- 
sure plans have been released for com- 
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petitive bidding. This structure will 
be a steel sphere 190 feet in diameter 
with the equator elevated 56 feet 
above grade. 

The enclosure will be designed for 
an internal pressure of 29.5 psig with 
a temperature rise of 250° F. plus 
snow and wind loads. The plate 
thickness will vary from 1.25 to 1.40 
inches. The structure will be pneu- 
matically leak tested at 37 psig to as- 
sure that it can contain all the radio- 
active products of any foreseeable 
incident. 

The reactor and its auxiliaries are 
installed in the sphere, with the tur- 
bine-generator and its auxiliaries in 
the turbine building external to the 
sphere. The major items of equip- 
ment in the reactor building or pack- 
age include the reactor vessel, the pri- 
mary steam drum, secondary steam 
generators, the recirculating pumps, 
and the main biological shielding. 
The turbine-generator unit, the con- 
trol room, demineralizer equipment, 
and the usual turbine room auxiliaries 
are in the turbine building. 

The reactor vessel, 42 feet high by 
12 feet in diameter, will be made of 
51% inch steel, internally clad with 34- 
inch, 304 Li stainless steel. The head 
closure permits access for changing 
the complete core and control assem- 
blies if this becomes necessary. Cool- 
ing water enters the vessel through 
four 24-inch inlets and the steam- 
water mixture leaves through twelve 
16-inch outlets located near the top of 
the vessel. 

The reactor core is cylindrical in 
shape, 1014 feet in diameter and 10.0 
feet long. It will contain 488 fuel as- 
semblies, in channels about 334 inches 
square, each assembly containing 36 
rods, % inch in diameter and nine 
feet long. Each rod consists of many 
sintered uranium dioxide pellets 14 
inch in diameter by 14 inch thick. 
The channels and the rod cladding 
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are Zircaloy-2._ Approximately 67 tons 
of 1.5% enriched uranium oxide will 
constitute a core loading. 

Procurement of equipment and 
services is proceeding most encourag- 
ingly. Contracts have been let for all 
the major equipment, the turbine- 
generator, sub-station, load centers, 
steam drums and secondary gener- 
ators, pumps, heaters, main condenser, 
and the concrete, steel, excavating, 
and grading. General Electric Com- 
pany’s commitments for Dresden and 
associated testing facilities are now 
about $25,000,000. 

Our work is progressing on sched- 
ule, with design more than 40% com- 
plete, and construction has been 
started on many of the above compo- 
nents. Preliminary work at the site is 
also well along; the dedication cere- 
mony in early June marked the start 
of major construction. 


Operation-Training Program 


In setting up the plant organization 
it seemed desirable to parallel, as far 
as possible, functional structures al- 
ready existing in the most modern 
generating stations of the Common- 
wealth system. For example, the 
Company policy of training a man to 
fill a given plant position in whatever 
station may require a man so skilled 
was one of the objectives. 

With due consideration to nuclear 
characteristics, the first nuclear power 
station in our system will have a man- 
agement staff of 19, plus an employee 
group of 83. These 102 employees 
are divided into five general groups, 
technical, maintenance, electrical, 
shift operations, and office and stores. 

There will be a Station Superin- 
tendent and his Assistant, supported 
by a management technical staff of 
six engineers. The head of the tech- 
nical staff, designated a supervising 
engineer, directs the efforts of several 
specialists such as a radiation protec- 
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tion engineer, chemical engineer, ther. 
mal engineer, nuclear engineer, and 
an instrument and control engineer, 

While we have used the word “spe. 
cialist,” it should be understood that 
this group works as a team, with much 
training in common. Twenty em- 
ployees will make up the work force 
for these specialists. 

At the operating level there will be 
a Maintenance Superintendent with 
three foremen, an Electrical Superin- 
tendent, five Shift Operating Super- 
intendents, and an Office Superin- 
tendent. (Incidentally, the Electrical 
Superintendent has been working 
with General Electric Company on 
the electric design detail for the past 
two years. ) 

Employees in the mechanical and 
electrical maintenance work will num- 
ber 10. There will be 28 people under 
the Shift Superintendents. A pool of 
5 station men is available to both the 
electrical and maintenance depart- 
ments, when required. Office em- 
ployees, watchmen, and storekeepers 
will add 20 more. 

Detailed job descriptions were pre- 
pared for each significant position in 
the plant. From these and from the 
station’s design details and character- 
istics, a comprehensive operating 
training program was evolved for all 
personnel. 

I wish to emphasize that three gen- 
eral areas must be carefully and thor- 
oughly covered. The men must have 
some preparatory and academic study, 
on-the-job training and, lastly, certain 
individuals must be prepared to take 
the AEC’s tests for Operator Licenses. 

All of the plant management per 
sonnel were to be given a_ basic 
course in the nuclear field. Seleeted 
books, pamphlets and AEC regula 
tions were procured for home study 
and a course in the elements of nu- 
clear power was presented. 

As reported, key people, such 
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the Superintendent, Assistant Super- 
intendent, and the Technical Staff 
were then given an intensive and 
comprehensive course confined spe- 
cifically to the technology part of the 
program, the reactor plant designers 
serving as instructors. 

All personnel requiring on-site train- 
ing will be provided adequate infor- 
mation about the station design and 
equipment and radiation protection so 
that they can safely start and operate 
the plant. 


Selecting Trainees 

While the training program was be- 
ing developed, personnel records were 
examined to find management em- 
ployees for all administrative and 
technical positions. Methods of fill- 
ing other positions have not been de- 
termined. 

Because of the technical aspects of 
the work, qualifications started with 
at least a B.S. degree or equivalent 
and some operating experience. While 
a college degree was preferred, plant 
operating experience was given con- 
siderable weight. 


Basic Nuclear Training 

In February, 1957, the initial group 
reported for the first meeting of the 
Basic Nuclear Training Course, and 
for five weeks thereafter, these men 
completed reading assignments at 
home and attended eight hours of 
scheduled lectures each Tuesday and 
Thursday. They continued their reg- 
ular work when not in classes. 

They were given instruction in the 
nucleus of the atom, mass and energy 
in nuclear reactions, reactor physics, 
problems in reactor design, instru- 
ments and control, health physics, and 
nuclear energy power plants. To close 
their basic training, these trainees 
Were given a capsule review in differ- 
ential equations for two days, five 
hours each day. 


MANNING AND TRAINING FOR NUCLEAR POWER STATION 


Dresden Station Technology Course 


This same group of management 
and technical people was sent to the 
Atomic Products Division of the Gen- 
eral Electric Company on May 5 to 
enter training in the Dresden Station 
Technology Course. Seven weeks were 
allocated, eight hours a day, for a 
total of 180 class hours plus whatever 
time would be necessary in after-hours 
to do their problems and complete 
their daily assignments. 

This program, as planned, is being 
conducted by the designers at the 
General Electric Company’s San Jose 
plant in the subjects of nuclear engi- 
neering, differential equations, heat 
transfer, instrumentation, shielding, 
heat balance, stress analysis, radia- 
tion effects, safeguards, materials, and 
seven days of equipment description. 

Recent reports indicate excellent re- 
sults from this effort, everyone appar- 
ently being motivated by a driving 
desire to master Dresden Nuclear 
Power Station in all of its new and 
fascinating ramifications. This was a 
big challenge for the group. 

By the end of June the students will 
have returned to Chicago. Some will 
start preparation of the training pro- 
gram for additional plant personnel 
and some will take further training at 
the Commission’s laboratories and the 
Robert A. Taft Sanitary Engineering 
Center at Cincinnati, or will go back 
to our stations for further conven- 
tional operating experience. 


On-The-Job Training 


Another part of the training pro- 
gram, the on-the-job phase, provides 
for the assignment of certain selected 
plant personnel to work with the 
staff operating Argonne’s Experimental 
Boiling Water Reactor near Lemont, 
[llinois, and General Electric’s Boiling 
Water Reactor near Vallecitos, Cali- 


fornia. Trainees will perform duties 





626 JOURNAL OF ENGINEERING EDUCATION 


similar to those of their forthcoming 
assignments at Dresden. 

This experience-gathering is ex- 
pected to require two to three months 
for each individual. 


Operator’s License Training 


Preparation of Dresden’s reactor op- 
erators for their licenses is necessary 
to assure that they will meet the 
Atomic Energy Commission’s regula- 
tory requirements. At present, the 
three main requirements are a physi- 
cal examination, a written examina- 
tion on reactor operation, and demon- 
strated proficiency in reactor operation. 

This portion of the training program 
will be implemented in sufficient time 
to prepare these men for the start-up 
date, now set as December, 1959. 

To obtain licenses, the operators 
must thoroughly understand all rou- 
tine and emergency operation proce- 
dures. They must be thoroughly ac- 
quainted with all of the reactor 
instrumentation. Finally, the operat- 
ing proficiency of the personnel will 
be observed by an AEC representa- 
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tive during “dry runs” at Dresden be- 
fore the initial start-up. As indicated 
previously, 21 of these individuals wil] 
eventually have the responsibility for 
operating or supervising operation of 
the reactor. 


Coordinated Training 


A simplified control sheet was de- 
veloped which showed the most im- 
portant items of timing and follow-up 
for each plant position. With this 
useful device we have set flexible 
target dates for every man and every 
manual. From the Station Superin- 
tendent to the last mechanic, from the 
preparation of the first training out- 
line to the preparation of the final 
Operating Procedures, the Dresden 
Nuclear Power Station training actiy- 
ity has been planned on schedule. 
With the best possible physical plant 
manned by people prepared as thor- 
oughly as careful deliberation, plan- 
ning, and application can direct, we 
are confident that the Dresden Nu- 
clear Power Station will be operated 
successfully and economically. 





MORE FRENCH ENGINEERS? 


The French government, hoping to motivate more students 
toward technical careers, is considering a broad plan to democratize 


and modernize the school systems. 


The classics and humanities 


have always enjoyed higher prestige in France than have technical 
studies, and the children of workers and lower middle class families 


have had few educational opportunities. 


Efforts to change these 


conditions may increase the numbers of French engineers, which 
now measure 90 per million of population in contrast to 195 per 
million in this country and 236 per million in Soviet Russia. 





AEROELASTICITY AND ITS 
INCREASING IMPORTANCE 


For Engineering Education 


CHARLES E. JACKSON 


Structural Dynamics Unit Chief 
Boeing Airplane Company, Wichita, Kansas 


Revised and adapted from a paper presented at the Aeronautical 
Division Conference, June 27, 1956. 


It is evident that the field of aero- 
elasticity encompasses problems which 
arise from the flexibility of aircraft 
structures. These range from the static 
phenomena of aileron reversal and 
wing divergence to the dynamic prob- 
lems of flutter and loads resulting 
from gust encounters and landings. 
Furthermore, experience has shown 
that the greatly increased flexibility 
associated with today’s airplanes has, 
in many cases, made this a more im- 
portant consideration than 
strength. 

Bisplinghoff, in his Wright Brothers 
Lecture, Reference (1), illustrated 
very clearly the trends toward in- 
creasing flexibility in airplane design. 
He also identified the tendency to- 
ward increasing ratios of wing length 
to thickness, which he calls “slender- 
ness ratios,” as a major reason for this 
trend. 


design 


Wing Slenderness and Flexibility 

The increase in wing slenderness 
is largely the result of substantial 
reductions in the wing thickness that 
have been made in order to provide 
the low aerodynamic drag necessary 
for the high speed operation of cur- 
rent aircraft. In high subsonic speed 
aircraft, thickness ratios of about 
twelve per cent were common. In 
today’s high performance aircraft, pri- 
mary consideration is being given to 
thickness ratios of about three per 
cent, with even lower thickness ratios 
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often considered and discarded due, 
primarily, to flexibility effects. 

A principal effect of reduced thick- 
ness ratio is the reduction in torsional 
rigidity associated with a _ given 
strength. A major problem encoun- 
tered with this decreased rigidity on 
thin wing designs is prevention of 
wing flutter. The significance of flutter 
on airplane design is illustrated by 
Figure 1. This Figure shows, for a 
typical bomber design, the flutter 
margin (over the 15% required by 
the ANC-12 specification) of a wing 
designed for strength (using the re- 
quired 509% strength safety factor). 

The shaded area shows the esti- 
mated range of margins that would 
be obtained by moderately varying 
geometric and structural characteris- 
tics of the clean wing. Also shown is 
the detrimental effect resulting from 
improperly locating the wing-mounted 
nacelles. Incidentally, it has been 
shown that the flutter speed may be 
very sensitive to nacelle position, par- 
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Fig. 1 The effect of thickness on the 
flutter margin of typical strength-designed 
bomber wings. 
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Fig. 2. The effect of wing flexibility on 
the root magnification factor (data from 
reference 2). 


ticularly in the vicinity of the opti- 
mum location, which may be close to 
a very poor one. It can be seen that 
the trend toward decreasing thickness 
ratios is also detrimental flutterwise. 
Furthermore, considerable benefit can 
be realized by properly positioning 
the nacelles for each given case. Ac- 
curate analyses must of course be 
made to determine the best location 
for external weights. 

Another problem which results 
from wing flexibility is the elastic re- 
sponse of an airplane in a gust. Figure 
2 illustrates the significance of wing 
flexibility on the theoretical average 
magnification factor experienced at 
the root of three airplane wings dur- 
ing encounters of vertical gusts with 
sine shapes of various wave lengths. 
Magnification factor here is defined 
as the root bending moment per g. c.g. 
acceleration experienced in the gust, 
divided by the root bending moment 
per g. c.g. acceleration in a steady 
maneuver. The data presented were 
obtained by Mr. John Houbolt and 
presented in Reference (2), and are 
arranged so that the wing slenderness 
ratio increases to the right. It can be 
seen that the increased flexibility re- 
sults in an increasing root magnifica- 
tion factor. 

To pursue this line a little further, 
the results of a study of the spanwise 
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variation of magnification factor are 
shown in Figure 3. Appreciable in- 
crease in this factor is shown for the 
outboard locations. It is worth while 
to mention that this spanwise distri- 
bution of magnification factor is ap- 
parently caused by the fact that the 
wing's first bending response is pre- 
dominant. If higher bending mode 
response had been significant, the 
curve would probably have peaked 
at some intermediate spanwise loca- 
tion. From the above, one can con- 
clude that any attempt to neglect the 
effect of flexibility in determination of 
wing loads induced by gusts for the 
configuration studied would result in 
a totally unrealistic picture of the 
magnitude of these loads. 

In addition to the problems men- 
tioned above, aeroelastic phenomena 
profoundly influence stability and 
control. Imagine, for example, how 
little stabilizing effect a horizontal 
tail would have on the end of a long 
flexible body. As the airplane was 
pitched up, the load on the horizontal 
tail would bend the fuselage, decreas- 
ing the tail angle of attack and, there- 
fore, the balancing lift load. For air- 
plane control, the change from ailer- 
ons to spoilers has been promoted, 
to a large extent, by attempts to elim- 
inate the problem of approaching 
aileron reversal at transonic speeds. 

Finally, I would like to point out 
that problems of automatic control 
and autopilot design, while not in- 
cluded in the field of aeroelasticity, 
are clearly and directly influenced 
by aeroelastic considerations. For ex- 
ample, the effects of structural flexi- 
bility and unsteady aerodynamics 
must often be included when describ- 
ing the airframe part of the system 
feed-back loop. 

The problems of aeroelasticity have 
become more and more demanding. 
These demands have come in two 
ways. First, as I have tried to point 
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out in the preceding paragraphs, the 
trend in aircraft design is such that 
aeroelastic phenomena have become 
a significant part of the design re- 
quirements related to the configura- 
tion of the airplane geometrically and 
structurally. Second, the trend in air- 
craft design has been such as to make 
the prediction of these aeroelastic 
phenomena increasingly difficult. 


Flutter 


An excellent example of the above 
mentioned state is the problem of 
flutter. The present requirement for 
the flutter margin is that the critical 
flutter speed be at least 15% greater 
than the airplane design speed. In 
the pre-transonic airplane days every 
effort was made to be conservative in 
analyzing for flutter, so that actual 
margins were expected to be in excess 
of the required 15%. This practice 
was acceptable because it resulted in 
little or no cost in airplane weight. 

As these conservative estimates be- 
gan to result in larger weight penal- 
ties, reviews of analysis techniques 
and attempts to improve accuracy 
were made. It was discovered that 
even techniques generally thought of 
as conservative in the past were, in 
some cases, unconservative. Even the 
“refined” techniques that were devel- 
oped often did not yield satisfactory 
results. 

As a result, there are today some 
airplanes that have encountered flut- 
ter in flight and, consequently, are 
speed-limited to something less than 
their theoretical capabilities. While 
this might not appear to be a bad 
situation, I hasten to point out that 
utter is a violent phenomenon which 
may result in a_ structural failure. 
Furthermore, even when the flutter 
speed of an airplane has been deter- 
mined, it may require extensive re- 
design to correct. 
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This factor would all but rule out 
an early fix on an airplane which is 
being produced at a high rate and 
for which parts are designed and fab- 
ricated perhaps a year before the air- 
plane on which they are to be used 
is completed. The ability to do ac- 
curate flutter analysis which would 
have assisted in selecting the best 
configuration in the design stages 
would have kept these airplanes from 
being seriously restricted. 

The demands for increases in both 
quantity and quality of predictions 
of aeroelastic phenomena are rising 
and will continue to rise. To meet this 
demand, the aeronautical engineer- 
ing schools should increase empha- 
sis on aeroelasticity. There is no need 
to point out the fact that this field 
is currently being somewhat neglec- 
ted. A close review would, I believe, 
reveal only a small percentage, if any, 
of the total course work in aeronauti- 
cal engineering given to subjects in 
aeroelasticity. In fact, the dynamic 
aspects of the field are often shunned 
immediately by eliminating from 
basic aerodynamic courses any con- 
sideration of unsteady flow. Moreover, 
comparatively few of the courses 
taught in aircraft loads or in stability 
and control introduce the idea that 
these characteristics are influenced 
greatly by airplane flexibility. 


= 


w 


MAGNIFICAT/ON FALTOR 
- wv 








20 40 60 80 100 
% SEMI SPAN 


Fig. 3. The spanwise variation of the 
magnification factor of a bomber airplane. 
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The curriculum of aeronautical 
engineering schools today needs to 
be changed to provide engineering 
graduates with an understanding of 
the important field of aeroelasticity. 
New options need to be inaugurated 
to provide an adequate output of 
specialists in the field. I strongly 
urge that each school try to broaden 
substantially its course efforts in the 
field of aeroelasticity for both un- 
dergraduate and graduate students. 
Schools that have already installed 
aeroelasticity courses in their curricula 
are to be commended and urged to 
increase their efforts. Those schools 
that have no such courses are, I feel, 
overlooking a vital part of their stu- 
dent’s education. 


Proposed Educational Program 


As a goal, an ambitious but realis- 
tic program would begin with the 
overhauling of present aerodynamics, 
loads, and stability and control courses 
to include unsteady aerodynamics 
and structural flexibility effects where 
appropriate. While one might argue 
that to do this some of the essential 
course matter would have to be 
dropped, I feel that a review of cur- 
rent course matter would result in 
the elimination of a sufficient amount 
of obsolete work to permit the inclu- 
sion of studies of such vital things 
as the effects of flexibility on wing 
lift distribution and horizontal tail 
effectiveness, and unsteady aerody- 
namics produced due to gust en- 
counters and wing vibration response. 
Also, I feel that at least one course 
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of approximately three semester hours 
in aircraft dynamics, and an aeroelas- 
ticity laboratory of approximately two 
semester hours, should be installed 
as required undergraduate studies, 
In addition, sufficient optional course 
work should be offered so that both 
undergraduate and graduate students 
could specialize in the field. The 
adoption of a program such as the 
one above by a substantial number of 
schools, together with faculty encour. 
agement of students to enter the field 
of aeroelasticity, should do a great 
deal toward fulfilling the need for 
trained personnel. 

The problems of accomplishing 
such an ambitious program will, of 
course, be sizeable. The need of the 
aircraft industries for people with 
backgrounds such as I have described 
is acute, however. This essentially 
unlimited opportunity for graduate 
engineers trained in the field should 
provide the incentive necessary to the 
aeronautical engineering schools, 
Engineers and educators must work 
together in solving the problems 
and producing trained engineers who 
appreciate the increasing importance 
of aeroelasticity and who are able to 
work in and contribute to the field. 
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The tremendous strides made in 
aircraft performance during the past 
few years have created many prob- 
lems for all aeronautical engineers, 
and the aircraft stress analyst is cer- 
tainly no exception. Fighter speeds 
have more than doubled in the past 
decade. This has not only introduced 
such problems as transonic load dis- 
tribution and aerodynamic heating, 
and aggravated other probleras such 
as aeroelasticity and panel fatigue, 
but has also created countless ad- 
ditional problems due to the con- 
figurations required to attain these 
high speeds. 

Extremely thin, highly swept wings, 
all-movable stabilizers, very large, 
dense fuselages, and tremendous 
power plants are a few of the major 
configuration changes which create 
problems of both external and in- 
teal load distribution for the stress 
analyst. Another less clear-cut but 
probably more important structural 
problem that must necessarily be 
linked to required configuration 
changes is the increased structural 
eficiency required to obtain these 
tremendous performance improve- 
ments. It is important to remember 
that these gains have been made in 
spite of the increasing demands on 
the structure due to the required 
environmental and _ configurational 
changes. A decade ago, the struc- 
tural weight accounted for 80% to 
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40% of the total takeoff weight, 
against 20% to 30% today. 

Gains in_ structural efficiency 
coupled with the problems inherent 
in increased performance place an 
ever-increasing load on the aircraft 
stress analyst. The purpose of this 
paper is to discuss some of these 
practical, less familiar problems of 
the stress analyst engaged in design- 
ing today’s high speed fighter aircraft 
and to comment briefly on the educa- 
tional needs of the young engineer 
who must find solutions to these 
problems. 


Loads 

Some years ago, it was fairly com- 
mon practice to have one or two 
stress engineers spend a month or two 
writing a loads report for a new 
model fighter. These reports were 
simple, used many rules of thumb, 
made some very crude and often con- 
servative assumptions, but in general 
were quite satisfactory for the sub- 
sonic, straight-winged, conventional 
fighter configurations of that period. 
As fighters entered the transonic 
range, however, it became apparent 
that the crude, simple methods would 
either have to become very conserva- 
tive in order to encompass all pos- 
sible combinations of variables or 
become considerably more refined 
and time consuming. 

During the same period, the swept 
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wing arrived on the scene with all 
of its variations to the aerodynamic 
coefficients important to the deriva- 
tion of external loads. These events 
started a gradual change in the man- 
power division between stress analysis 
and loads analysis and today it is 
estimated that 25% of the total stress 
analysis effort is directly spent on the 
derivation of external loads. 

The problem of wing spanwise 
load distribution is one of the most 
important and difficult problems that 
the loads engineer must solve. He 
must estimate the rigid load distribu- 
tions throughout the Mach number 
' range based on measured over-all air- 

plane coefficients, low speed theory, 
supersonic theory, and limited wind 
tunnel data gathered on_ similar 
models by the N.A.C.A. Unfortu- 
nately, no satisfactory transonic the- 
ory exists today, and many times this 
flight regime proves to be the most 
critical. Since the airplanes are not 
rigid, the effects of deflected aero- 
dynamic surfaces on the aerodynamic 
characteristics must be considered to 
arrive at the proper flexible spanwise 
load distribution. This is done by 
combining the estimated structural 
stiffness with the estimated rigid load 
distributions. Some of the final 
uncertainty resulting from these 
estimates is removed by wind-tunnel 
tests of special “loads” models. Such 
tests usually furnish satisfactory data, 
even though late in the design, and 
are useful for checking the original 
estimated values. 

Several serious drawbacks to the 
present procedures exist, however. 
First, the timing of the design is 
usually such that the wind tunnel re- 
sults could not be made available 
until after the design had progressed 
far beyond the economical change 
point. Second, transonic tunnel time 

is always at a premium and there are 
usually several more urgent aerody- 
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namic problems that carry higher 
priority. Third, the models would 
either have to possess scaled-down 
stiffnesses or be built with various 
estimated deformed shapes; this 
would not only increase tremendously 
the cost and time required for such 
a program, but would reduce the ae- 
curacy to the point where the entire 
value of the tests would be question- 
able. Several companies, including 
the writer's, have actually conducted 
full-scale flight load measurement 
programs, and the accuracy of even 
these carefully controlled tests leaves 
something to be desired. 

Another vexing problem is the pre- 
diction of loads during rolling pull- 
outs of modern fighter aircraft. These 
loads could be satisfactorily evaluated 
for airplanes of a decade ago by 
using a single degree of freedom 
equation employing only the yawing 
inertia, the aerodynamic yawing mo- 
ments due to rolling velocity and yaw 
angle, and the damping moment due 
to yawing velocity. The tremendous 
fuselage length and density coupled 
with the extremely low aspect ratio 
wings of today’s fighters yields an 
inertia distribution which often re- 
sults in the airplane oscillating quite 
strongly during a rolling pullout. The 
single degree of freedom method is 
completely useless for current types 
of aircraft. 

“The Roll- Yaw - Pitch Coupling 
Problem,” as it is named by experts 
in the field, is of considerable con- 
cern not only to the structures people 
but also to the aerodynamics and 
operating people due to the uncom- 
fortable and sometimes uncontroll- 
able aspects of the maneuver. At pres- 
ent, this problem is being attacked 
by using 5 degrees of freedom and 
introducing over 20 aerodynamic 
parameters, many of which cannot 
be accurately measured. A number 
of the aerodynamic parameters are 
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also non-linear and still others are 
affected considerably by flexibility. 

The solution of this problem for 
the complete range of altitude and 
speed is indeed a formidable under- 
taking, and automatic computers are 
currently being used to obtain the 
solutions for such problems. At 
best, these answers are still consid- 
ered qualitative and subject to veri- 
fication during flight testing. At least 
one manufacturer has found it neces- 
sary to redesign his production air- 
planes because of this consideration. 

In addition to the major ones such 
as those discussed above, many minor 
but none the less necessary and time- 
consuming load problems now re- 
quire considerable attention. Some of 
these are external stores, missile blast, 
inflight refueling, dynamic loads 
during landing, catapulting, and ar- 
resting, pressurized compartments 
(including nacelles in some cases, 
equipment bays in others), engine 
stall (seemingly an inescapable cul- 
prit), boundary layer control, jet en- 
gine noise, boundary layer noise, gun 
muzzle blast, dynamic loads during 
rapid mechanism operation, hydraulic 
‘hammer,” and thermal loads in hot 
air ducts. This list, of course, is by 
no means complete, but should serve 
to illustrate how the demands of the 
modern fighter aircraft have taxed the 
patience and ingenuity of the loads 
engineer. 


Stress Analysis Problems 


Internal Loads and_ Allowable 
Stresses. The fact that the calculation 
of internal loads and_ allowable 
stresses consumes the major share of 
the analyst’s time is as true today as 
it was a decade ago. Methods are for 
the most part the same as those 
originally used when the first stressed- 
skin aircraft were designed. One 
principal difference in internal load 
calculations is the increased use of 
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the more elaborate redundant meth- 
ods. The tremendous emphasis on 
weight, coupled with added structural 
complexity, has pushed the stress an- 
alyst from the “conservative assump- 
tion” to the lengthier, more accurate 
indeterminate analysis. The devel- 
opment of automatic computing 
machinery has made this situation 
somewhat more tolerable, but never- 
theless, this trend has definitely in- 
creased the required man hours. 

These methods, of course, have 
other advantages such as more ac- 
curate stiffness estimation and more 
accurate elastic stress distributions 
which are needed for fatigue analysis. 
This type of analysis also offers the 
advantage of using less experienced 
engineers to do some of the more 
difficult internal load estimation prob- 
lems. Today's booming demand for 
engineers has resulted in spreading 
the experienced people so thinly that 
this is a very real advantage. The use 
of new types of structures such 
as multi-web and heavy-skin boxes, 
integrally-stiffened plates, or sand- 
wiches has provided a steady stream 
of allowable-stress problems. Some of 
these have been adequately solved by 
various research agencies such as the 
N.A.C.A. Answers to others have been 
developed by the contractors using 
both theoretical and experimental 
techniques. 

An example of this is the work 
done at McDonnell some years ago 
to establish allowable stresses for 
multi-web box beams. Early tests of 
this type of structure disclosed a 
“corrugated” failure mode. Since no 
data were available, a simplified the- 
ory was developed which visualized 
the supporting structure as an elastic 
foundation. Tests were run to estab- 
lish empirically the elastic foundation 
characteristics of various supporting 
structures. This method proved to be 
quite accurate and has been exten- 
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sively used during the past seven 
years to design many light-weight 
structures. 


Structural Efficiency 


Considerable time and effort is de- 
voted to establishing structural con- 
figurations which will result in the 
lightest possible weight consistent 
with geometrical and functional re- 
quirements. In the preliminary design 
stage, this of course requires a broad 
knowledge of methods of construc- 
tion and their relative efficiencies as 
functions of loading intensity. After 
the type of construction has been 
selected, much more detail work must 
be done to optimize suitably the 
smaller elements. In some cases, 
general studies are available which 
make possible rapid optimization of 
a particular structural type. 

In the great majority of cases, 
however, usable “trend” curves are 
not available for the peculiar geom- 
etry of the individual component. In 
such cases, the ingenuity of the in- 
dividual stress analyst must be relied 
on to produce the optimum configur- 
ation. On one particular wing “carry- 
thru” bulkhead, 100 pounds of weight 
were saved between the initial con- 
cept and the final released design. 
This was only possible because of 
diligent work by the stress analyst as- 
signed to this particular component. 

Another structural development 
tool that has been used to eliminate 
unnecessary weight at McDonnell is 
the exploitation of an underdesigned 
structure by means of “stretch test- 
ing.” Using this approach, the origi- 
nal design is purposely made under- 
strength analytically. Static testing 
is then carried past the understrength 
analytical target loads to the final 
full-strength loads with beef-ups only 
as required. The final end product 
thus has all the actually under- 
strength parts beefed up without the 
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weight it would cost to make all the 
analytically understrength parts fyl] 
strength. This method can save up 
to 10% of the airframe structural 
weight, but it has the disadvantage 
of delaying the testing, the final de. 
sign, and the final production of fy] 
strength airplanes. This method js 
fully discussed by Mr. John H. Meyer 
in Reference (1). 


Thermal Demands 


The classical thermal problems 
that are discussed by many learned 
authorities in the current literature 
have not yet reached the alarming or 
“monster” proportions for operational 
fighter aircraft that they surely will 
in a few years. At the present time, 
the temperatures resulting from aero- 
dynamic heating have required some 
load-factor reductions at the higher 
Mach numbers, and_ also have 
reached the maximum permissible 
for some plastics and materials. 
Secondary effects of aerodynamic 
heating include hot “cooling-air” for 
engine compartments and equipment 
bays. This of course results in some 
additional structural problems. 

Some experience is being gained 
in the design and analysis of struc- 
tures operating in the 400°F to 800°F 
range as a result of the fact that it is 
sometimes necessary to locate the 
horizontal tail in the engine jet 
wake. This is required on some super- 
sonic configurations to obtain satis- 
factory “pitch-up” characteristics. 
This sort of development testing is 
considered absolutely vital to success- 
ful design of a structural component 
for this kind of environment. 

Other miscellaneous thermal prob- 
lems are also always present, such as 
engine compartment design, hot air 
ducting, boundary layer control in- 
stallations, heat exchanger installa- 
tions, etc. In general, though, the 
major structural design consideration 
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being given to elevated temperature 
problems is reduced material prop- 
erties. Induced thermal stresses are 
ysually checked by a first order, 
crude method and if found impor- 
tant, they are minimized by suitable 
design changes. 


Fatigue 

Today’s peacetime economy, to- 
gether with the more highly stressed 
modern fighter structures and the 
higher operational speeds, combine to 
produce a full-blown fatigue prob- 
lem. The current dense, integral wing 
structures seem to exhibit poorer 
faticue characteristics than the old 
stvle “bits and pieces” variety of 
structures. Another aspect of these 
modern structures is that quite often 
the initial fatigue crack results in 
immediate catastrophic failure. 

On one modern wing design, a 
catastrophic failure occurred after the 
application of approximately 700 
cycles of limit load in the laboratory. 
Measurement of stress distribution at 
the failure station during application 
of limit load revealed that the peak 
stress at the skin edge was some 1.7 
times the nominal stress several 
inches forward of the edge, in spite 
of an extremely gentle planform 
section change. The theoretical plane 
stress concentration factor associated 
with this geometry is only 1.3. Obvi- 
ously there are more subtle considera- 
tions at work here than meet the eye, 
or than can be predicted by simple 
theoretical means. 

A similar wing with steel straps 
across the failure region withstood 
3700 cycles of limit load, a more than 
adequate fatigue life. A crack was 
developed as with the first failure, 
but then progressed only four inches 
toa fastener hole. Another 100 cycles 
were applied after the appearance of 
the crack until one of the steel straps 
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failed and the crack progressed an- 
other 8 inches. This type of failure is 
much better than the catastrophic. 

The example above points out the 
importance of accurate stress predic- 
tion and of careful detail design to 
avoid section changes and _ other 
similar fatigue nuclei. Unfortunately, 
this is not always possible. Considera- 
tion must then be given to ways and 
means of minimizing these section 
changes. One such successful method 
has been the use of parabolic fillets, 
which were proposed by Grodzinsky 
for shafts; Reference (2). Fatigue 
tests at McDonnell on such fillets for 
plates show the parabolic shape to be 
conclusively superior to the circular 
fillet. It is probably also true that the 
parabolic fillet is superior to the 
elliptical fillet of equivalent aspect 
ratio, although comparative tests of 
this nature have not been made at 
McDonnell. 

Tests such as those mentioned 
above must be combined with oper- 
ational statistics provided by the 
services. These statistics must be 


suitably modified to account properly 
for the differences in usage and per- 


formance capabilities between the 
newer airplanes and those for which 
the statistics were recorded. In order 
to combine these statistics with the 
laboratory tests and arrive at service 
life predictions, estimates must be 
made of the shape and scatter of the 
S-N curve and a suitable cumulative 
damage theory must be selected. The 
S-N curve shape has up until recently 
been largely guesswork, but there 
now exists a wealth of fatigue data 
on a large number of new P-51 wings 
(Reference 3). The ¥(n/N) cumula- 
tive damage theory is currently used 
at McDonnell, even though it has 
serious shortcomings, primarily be- 
cause of its simplicity as well as the 
fact that so far no other theory has 
been proved conclusively superior. 
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In addition to the primary fatigue 
problem discussed in the preceding 
paragraphs, vibrational fatigue of ex- 
ternal plating has posed serious prob- 
lems at high operational speeds and 
with extremely powerful engines. 
Very limited data are now available 
to aid in the estimation of either 
“boundary layer noise” or “jet engine 
noise,” both of which cause this type 
of cracking. It is hoped that power 
spectral methods such as that dis- 
cussed in Reference (4) can be util- 
ized together with empirically deter- 
mined inputs to arrive ultimately at 
solutions for these problems. 

At the present time, “rule of 
thumb” methods are being employed 
to chart a middle of the road course 
between exorbitantly heavy plating 
and intolerable cracking. Some con- 
tractors have installed extensive test 
facilities which are devoted to the 
development of structures to with- 
stand intensive noise. Reference (5) 
discusses some test results obtained 
by Boeing from such a facility. 

Many additional minor fatigue 
problems remain to plague the stress 
analyst in his daily routine. Some of 
these are found in mechanisms, mov- 
able surfaces, control systems, land- 
ing gear, and hydraulic systems. In 
general, the fatigue problem has al- 
ready grown to alarming proportions, 
and the years to come will probably 
prove that fatigue is still in its in- 
fancy. 


Stiffness Problems 


Stiffness Requirements and Predic- 
tion. The increased performance of 
the modern fighter usually means 
that additional wing and tail stiffness 
is required to prevent flutter and to 
provide positive control. On the other 
hand, the _ configurations usually 
selected for these high performance 
fighters possess thinner surfaces which 
make the “strength design” stiffness 
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even less than the earlier, lower per. 
formance models. These facts mean 
that the stress analyst must in a num. 
ber of cases elevate his crude stiff. 
ness calculations from the elemep. 
tary _s methods employed in the 
past to the more refined, indetermip. 
ate methods which more accurately 
account for discontinuities and see. 
tion changes. These results are quite 
often by-products of the redundant 
analyses required for internal load 
calculations, but, in some cases, the 
strength can be satisfactorily pro. 
vided without the more complicated 
analysis, whereas an adequate stiff. 
ness estimation cannot. Even these 
time-consuming methods of stiffness 
prediction are not entirely satisfac. 
tory. The problems of joint slippage 
and the prediction of hysteresis are 
particularly vexing ones. Hysteresis 
can be very important to the lateral 
control problem because it necessi- 
tates continual retrim and thus uses 
up some of the available rolling 
power. Work is currently in progress 
at McDonnell to develop methods of 
predicting these non-linear stiffness 
characteristics, as well as to develop 
methods for determining the effects 
this type of stiffness will have on 
flutter and control. 

In addition to the more or less 
obvious stiffness requirements, the 
reduced “strength design” stiffness of 
the modern configurations has pro- 
duced several other problem areas. 
On one model, the landing gear de- 
veloped an odd phenomenon now 
referred to as tire shuffle. During 
braking in certain speed ranges, a 
violent fore-and-aft oscillation devel- 
oped. This is not a completely u- 
stable situation, inasmuch as the 
motion finally reaches a stable ampli- 
tude of oscillation. The amplitude, 
however, becomes quite high. Ar 
other problem area lies in the stiffness 
of the hydraulic power control cylit- 
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ders and their back-up structure. 
These cylinders are essentially hy- 
draulic servos and structural deflec- 
tion usually introduce de-stabilizing 
feedback. This can result in alarm- 
ing and dangerous control surface 
oscillation. 

Lateral Control. This problem is 
not usually thought of as a stress 
analysis problem, and indeed it is not 
for rigid airplanes. Unfortunately, at 
today’s speeds and wing thicknesses, 
the word “rigid” is becoming quite 
obsolete. When flexibility losses in 
lateral control approach the 90% 
mark, then this problem becomes 
mainly a combination of loads and 
structural stiffmess. The problem is 
not a complicated theoretical prob- 
lem until one considers such things as 
non-linear stiffness, camber effects, 
and the load distributions which go 
with these weird shapes. 

Considerable effort has been spent 


trying to do the best possible job on 
this problem and the score today 


stands at approximately a +25% 
tolerance on the predicted reversal 
speed for the low aspect ratio fighters 
that have been studied. Several manu- 
facturers have realized the —25% 
tolerance in flight testing, and this 
necessitated some changes to their 
lateral control systems. Needless to 
say, this sort of thing is untenable 
both time-wise and cost-wise. On the 
other hand, the weight penalties for 
providing a 25% margin are com- 
pletely prohibitive. 

This problem certainly needs con- 
siderable attention throughout the 
industry. One hope of improving the 
situation lies in the use of flexible 
models in the wind tunnel. Some 
mild success has been achieved using 
this method, but considerably more 
development work is still required to 
perfect this technique. The problem 
of optimum-stiffness weight distribu- 
tion to improve lateral control is an 


interesting and important one. This 
problem has been extensively studied 
at McDonnell and the results are 
reported in Reference (6). 


Educational Needs 


In order for an undergraduate cur- 
riculum to prepare an aeronautical 
engineer to solve all of the problems 
mentioned above, it would probably 
require that at least an additional 
three or four years be added to the 
existing four year course. This, even 
if it were practical, would still prob 
ably not be the answer because it is 
almost an impossible task to ask the 
universities to keep the curriculum 
current with respect to the latest in- 
dustrial techniques. This suggests that 
the important thing the professional 
engineer should acquire during his 
formal education is a very good back- 
ground of basic fundamentals. 

It would be very desirable, for in- 
stance, if aeronautical graduates had 
another semester of differential equa- 
tions and possibly still another se- 
mester of additional engineering 
mathematics which would include 
some statistics, some numerical meth- 
ods, complex variable theory, and 
other advanced concepts. The thermal 
problems of the future suggest that 
perhaps eight to ten hours of “Aero- 
nautical Thermodynamics” would be 
more useful than the usual three 
hours of steam tables. An additional 
course in fluid mechanics taught on 
a more physical than mathematical 
concept would be most helpful. 

The usual airloads and aerody- 
namics courses should be supple- 
mented by at least one semester and 
preferably two of compressible flow 
theory. At least one and preferably 
two more semesters of structural 
fundamentals which discussed _ in- 
determinate methods as applied to 
aircraft, shear lag, aeroelasticity, 
fatigue, and other such basic struc- 
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tural subjects would be immensely 
profitable. Summing up all of the 
above recommendations reveals that 
this would require approximately one 
additional year of study. This might 
be a very desirable program which 
would possibly be sufficient for a 
master’s degree. On the other hand, 
if something must be pared, it is sug- 
gested that the amount of work spent 
in the “technique” courses such as 
detail design, wind tunnel, physical 
testing, etc., be reduced. 

The above curriculum changes 
would certainly provide the engineer- 
ing graduate with a better back- 
ground with which to embark upon 
his industrial career. However, the 
available aeronautical engineering 
graduate is certainly a capable fellow 
with quite a good background, and 
industry’s primary complaint is that 
there are not enough of them to go 
around. This shortage of engineering 
graduates has become increasingly 
acute in the past few years and pres- 
ent trends promise no relief for the 
future. 

Several possible methods for al- 
leviating this problem come to mind. 
One method is to create and stimulate 
the interest of our young people in 
aeronautical engineering as a career 
at the high school and junior high 
school levels. Along these lines, pro- 
fessional societies such as the Insti- 
tute of Aeronautical Sciences and the 
American Society for Engineering 
Education can and are using various 
methods to promote this interest. In 
St. Louis, for instance, the local I.A.S. 
Section has produced a number of 
aviation programs which were shown 
on the St. Louis educational television 
station. 

The aviation industry should also 
shoulder a lion’s share of this re- 
sponsibility for creating aeronautical 
interest. McDonnell Aircraft is cur- 
rently inviting all local school teach- 
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ers, from kindergarten to high school 
levels, to take a tour of the plant 
facilities, to examine first hand air. 
craft products, and to become ace. 
quainted with the training required 
to execute properly the various engi- 
neering assignments necessary to the 
completion of a successful airplane 
design. It is hoped that these teachers 
will be better informed and _ thus 
better able to create and nurture 
aviation interest in their pupils. 

Another fertile field for exploration 
to reduce the engineering shortage 
is the training of more technicians, 
This is discussed by Mr. B. C. Boul- 
ton in Reference (7). There exists a 
large number of engineering tasks 
now being performed by graduates 
that could be satisfactorily done by 
thoroughly trained engineering tech- 
nicians. Needless to say, a large num- 
ber of high school graduates who do 
not now attend college would prob- 
ably attend such a technician’s course 
if it were readily available. Of course, 
there are some very good schools now 
operating along these lines, but it ap- 
pears that there is still room for a 
substantial increase in the number of 
such courses. 

Some universities now have sep- 
arate technical schools under univer- 
sity control and others are considering 
this possibility. Another approach 
that the universities could consider 
would be to offer approximately fifty 
to sixty-five per cent of the current 
aeronautical engineering curriculum 
as an “Aeronautical Engineering 
Technician’s” course. This could in- 
clude most of the basic mathematics 
and mechanics together with a con- 
siderable number of “specialty” 
courses in one of several different 
fields such as Aerodynamics, Struc- 
tures, or Design. 

Such courses would be the full en- 
gineering type courses rather than the 
shortened, less comprehensive courses 
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ysually offered by the technical 
schools. This curriculum would have 
to be devoid of such Liberal Arts 
subjects as English, psychology, 


and economics, and such engineer- 
ing courses as electrical engineering, 
thermodynamics, contracts, and 


chemistry. A certificate could be 
issued rather than a B.S. degree to 
students who successfully completed 
this technician’s course. 

This program could be tailored to 
facilitate the acquisition by the stu- 
dent of a degree at some later date 
by taking accredited evening courses 
while employed in an engineering 
technician’s capacity. This feature 
might require some relaxation by the 
universities of credit transfer regula- 
tions. This would be analogous to the 
current practice in the nursing pro- 
fession where a three year curriculum 
is all that is required for a certificate, 
but a five-year course is required for 
a degree. 

Another important problem which 
desperately needs a solution in order 
to alleviate the engineering shortage 
is the high migration rate of graduate 
engineers into other non-technical 
fields. If ways and means of reducing 
this engineering manpower loss to 
one-half of the present rate were 
found, it would go a long way toward 
solving the engineering shortage. This 
problem is of course primarily the 
responsibility of industry. The key 
factors are the monetary scales, the 
lack of professional status, and the 
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lack of genuine interest in aeronau- 
tical engineering. Industry must cor- 
rect the first and partially correct the 
second factor, professional societies 
should concentrate on the second and 
third factors, and the universities 
should expend a considerable effort 
on the third factor. The problem is 
indeed complex and frustrating, one 
which requires the cooperation of all 
the groups of our society concerned if 
we are to achieve a satisfactory solu- 
tion speedily. 
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READING, RUDENESS, AND REDUNDANCY 


If you have ever attended a con- 
vention or any meeting which had a 
guest speaker, then I have a question 
to ask you. Have you ever seen an 
audience imposed upon by a “speaker” 
who mumbled into the microphone in 
an almost inaudible manner, or who 
very methodically “read” his “speech”? 
Yes, glance about you surreptitiously; 
that “speaker” may have been you! 

Whether you were the listener or 
the reader, your experience wasn't 
unique. Even in such learned groups 
as the ASEE this takes place regularly. 
It is the unfortunate frequency of 
such action that leads me to present 
my views on the three R’s of public 
speaking: reading, rudeness, and re- 
dundancy. 


Reading 


There are a few men who have the 
ability to read their presentations and 
do an acceptable job of it. Unless you 
are one of this select few, the effec- 
tiveness of what you have to say is 
greatly reduced by reading. Such 
handling can be mechanical and often 
downright monotonous. In reading a 
paper it is difficult to maintain inti- 
mate and spontaneous eye contact 
with the audience. This link can in- 
fluence the success or failure of a 
speaker. By contrast, establishment 
of actual eye contact with the listeners 
not only helps to hold their attention 
but warns a speaker when he is not 
registering. To continue to talk in the 
same vein would, in such a case, be 
a waste of the speaker's time as well 
as that of the audience—and he should 
realize it. 

Perhaps you sincerely believe that 
reading your own carefully and well- 
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turned phrases will be more pleasant 
to hear, or perhaps even will demon. 
strate your erudition. Actually, it 
sounds artificial and unnatural. The 
conversational mode of expression js 
far different from the written one. 
Your paper as written may be exactly 
right to appear in print, but is not 
your natural way of speaking. Words 
must be simpler to achieve full impact 
on a listening audience. So save the 
compressed, polished version for the 
Journat—but not the oral one! 


Rudeness 


Also, the audience hopes to see 
what the speaker really looks like- 
and not just the top of his head, which 
shows most when he bends over to 
read. Unless there are extenuating 
circumstances, such as_ last-minute 
substitution for a cancellation, there is 
little reason for reading. Usually it is 
an indication that the speaker has not 
taken sufficient time to prepare his 
talk properly. 

Ordinarily the speaker is alerted 
weeks or months ahead of his sched- 
uled participation. Most men are 
quite willing and anxious to have their 
name appear on the program, but the 
presentation can always be dashed off 
a few days before the scheduled time! 
The audience has paid the speaker the 
compliment of coming to hear him. 
They deserve his best efforts. Any- 
thing less is rudeness on his part! 


Redundancy 


Getting someone to speak (or read) 
is often easier than getting him to 
stop. It is unfair to the audience and 
to other speakers to utilize more than 


Those who read 
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the allotted time. 
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are likely to pay little attention to 
time, because their prime burden and 
concern is to read all that’s in front 
of them. They lose all track of time. 

Believe me, if the speaker must pro- 
ceed without reading he is not so 
likely to want to go on at great length 
_unless he’s the natural-born rambler 
type. In many societies the talks are 
preprinted anyway and can be con- 
densed for oral-session purposes, 
mainly to stimulate discussion. 


Remedies 

“Well,” you say, “So you've told us 
what's wrong. Have you anything 
constructive to offer?” At the risk of 
seeming omniscient, I will outline a 
method of preparing talks which has 
been quite helpful to me. I’m equally 
sure that you as individuals can, with 
a little thought, develop even better 
methods or, at least, ones equally or 
more suitable to your personal needs. 

First, remember that you have ac- 
cepted an obligation when you agree 
to be a speaker. Prepare not only 
your thoughts but your presentation 
as soon as you can. Don't let it go 
until the deadline is upon you. I 
would suggest as a starter that you 
sit down and start listing brief nota- 
tions of all the ideas that occur to you 
concerning what you'd like to say 
about the particular subject, including 
any catch phrases, humorous snatches, 
or trick wording. Several days later 
take out these notes and run through 
them, adding any new ideas or angles 
that may have occurred to you. By 
this time you should have a quantity 
of notes to serve as reminders. 


Written Steps 


Next, start writing everything that 
seems pertinent to the notes you have 


made. Pay no attention to length, 
grammar, or sequence of ideas. Keep 
at this until you think you have every- 
thing written down. Don’t hesitate 
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to scribble notes, corrections, or new 
ideas in the margins. Many ideas 
may come as you write, and unless 
you make note of them immediately 
they may evaporate. Note, too, 
any locations where you think slides 
would be of value. 

Now examine what you have writ- 
ten in relation to time. The aver- 
age speaker will deliver a little over 
100 words a minute, say about 2200 
words in 20 minutes. This must in- 
clude comments pertaining to slides, 
shown three minutes each. All too 
often the speaker uses his quota of 
time in the text, and then tries to add 
additional comments concerning slides 
or charts. If you have too much writ- 
ten material, therefore, it is wise to 
cut, combine, or delete the sections 
that strike you as being weaker ones. 

Once the timing is right, the next 
consideration is the sequence of stat- 
ing your points. Analyze your ap- 
proach carefully and then go through 
your rough draft, placing sequence 
numbers alongside the various para- 
graphs. You are now ready to pre- 
pare the orderly, well-written draft. 
This includes checking for correct 
grammar and spelling. 


Oral Preparation 


Preparation for oral presentation is 
next. You might memorize it if you’re 
exceptionally good, but I wouldn't 
recommend it. This can lead to a 
monotonous droning recital, lack of 
spontaneity, and confusion if you are 
interrupted or if the train of memory 
is momentarily broken. This is par- 
ticularly true if you feel nervous be- 
fore your talk. 

Do you think this makes you an 
exception? Far from it! I have 
talked with numerous prominent 
speakers, and most of them admit 
having stomach butterflies just before 
they start. Once I asked a speaker if 
he were ever nervous before a talk. 
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He calmly replied, “Never!” After I 
heard him speak I knew why. He 
was terrible! Believe me, he was so 
bad he had nothing to worry about. 

Try this instead. Get some small 
5” x 3” ruled index cards. Carefully 
review your paper and make a few 
notes on the cards, one note for the 
main idea of each paragraph. As a 
rough guide, do not exceed one card 
of notes per page of speech. Slides 
can be accentuated by listing numbers 
ringed in red pencil at the appropriate 
locations. Slides themselves are good 
prompters. 

There is a very good reason for sug- 
gesting such small cards. First of all, 
they are unobtrusive. Secondly, they 
are easy to hold in the hands. If you 
are a little nervous, holding the cards 
releases some of the nervous energy 
and answers the question of what to 
do with your hands. If you wish to 
keep the cards out of sight as much as 
possible, they will nest in one hand 
very well, and you will have the 
other hand free for gesturing or using 
a pointer. 

Furthermore, since the cards will 
contain only code words, eye contact 
with cards can be only a flicker, and 
you can keep almost continuous visual 
touch with the audience. Finally, 
the confidence of knowing that code 
words are available will help dispel 
any early nervousness that may exist. 

After the cards are prepared, read 
your written manuscript several times 
to fix the general presentation in your 
mind. Then, keeping the written text 
close by, run through the talk, guided 
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only by the card notes. If you get 
stuck, look for key words or phrases 
from the paper and use them as focal 
points for developing the respective 
ideas. 

After several such dry runs yoy 
will find that the cards will be ade. 
quate and your speech will have the 
feeling of spontaneity. Speeches up 
to 11% hours in length have been suc. 
cessfully presented in this manner, 

This may sound like a great deal of 
work to you. Actually it isn’t too bad 
provided you've chosen a subject with 
which you are familiar—and you 
should certainly not undertake any. 
thing else. I’d much rather listen to 
a well-presented speech with which 
I disagreed than to a poor one which 
essentially restated my own ideas, 

By the time you have outlined, 
rough drafted, and final polished a 
paper it is surprising how much in- 
formation you will have stored away 
ready to leap out at glimpse of code 
words or phrases. 

If you have a lot of figures or 
formulae, on the other hand, put them 
on slides; don’t try to recite them. 
The audience can examine them vis- 
ually while you refer to them briefly. 
If you want to keep a brief talk within 
time limits, don’t waste time with 
lengthy jokes, and above all dont 
reminisce unless it’s part of your 
planned presentation. 

Next time you are scheduled to 
speak, why not try some such scheme 
to avoid being a reader? The audi- 
ence will enjoy it more, and perhaps 
you will, too! 


SY 
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A Program at Purdue University 


If one can judge from the number 
of articles on the subject which have 
been published recently, increasing 
attention is being given to the needs 
of gifted students in secondary schools 
and colleges. It has frequently been 
pointed out in these essays that gifted 
students warrant special attention be- 
cause they can develop more rapidly 
and more fully if they are called upon 
to use their superior abilities. They 
are sometimes bored by regular class- 
room work which is geared to the 
average or slower student, and if not 
challenged, they may become content 
with performance which is satisfac- 
tory but far below their capabilities. 

The general philosophy of educat- 
ing gifted individuals and broad rec- 
ommendations for implementing this 
philosophy have been adequately cov- 
ered for the present. See, for exam- 
ple, Education of the Gifted, prepared 
by the Educational Policies Commis- 
sion of the National Education Asso- 
ciation, June 1950, and Report on 
Evaluation of Engineering Education, 
ASEE, pp. 24-26. Because it is often 
helpful to know what has actually 
been done in a few specific instances, 
however, this article presents a re- 
view of the program in operation for 
superior students in the School of 
Mechanical Engineering at Purdue 
University. 


A Case Study 


The first concerted effort to assist 
superior students began when the de- 
partment head appointed one member 
of his staff to take the responsibility 
for arranging a program and putting 
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it into effect. The teaching load of 
the staff member was reduced by 
twenty per cent to give him time for 
this assignment. A program of this 
nature has little chance of success un- 
less the administration regards it seri- 
ously enough (a) to assign someone 
the duty, and (b) to enter it as a 
justifiable item in the budget. 

The second step was that of choos- 
ing the students concerned. It was 
recognized that “What is meant by 
‘superior ability’?” and “How are stu- 
dents of superior ability identified?” 
were and are important questions. 
Nevertheless, if we had tried to reach 
general agreement on their answers 
before taking action, we would prob- 
ably never have got around to helping 
any student. Consequently, for our 
purposes, a student of superior ability 
is defined as one who makes high 
grades in college, say grades placing 
him at least in the top fifth of his 
class. Objections to this definition 
are recognized, but it is simple, work- 
able, and probably as effective as any 
in identifying those students who can 
profit by special attention. The pro- 
gram which has been developed for 
those students involves accelerated 
course sequences, other special courses, 
substitutions in the curriculum, spe- 
cial counselling, a tour of the research 
laboratories of the department, and 
opportunities for part-time work on 
research projects. 


Specific Program 


Since 1947, two accelerated course 
sequences have been offered. One is 
a two-semester sequence covering the 
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same material and carrying the same 
total credit as the regular three-semes- 
ter sequence in heat power and ther- 
modynamics. Both the accelerated 
courses and the regular courses are 
scheduled for three meetings per week. 

There is also a two-semester ac- 
celerated sequence in mechanism, dy- 
namics of machinery, and machine 
design corresponding to the normal 
three-semester sequence in these sub- 
jects. The acceleration in both cases 
is accomplished by a reduction in the 
total number of contact hours and 
the more effective use of the contact 
hours which can be made with a se- 
lected group. 

These accelerated sequences are 
open to students in approximately the 
top fifth of their class. At any time 
during the first semester of an ac- 
celerated sequence a student may 
transfer from the accelerated course 
to the regular one if either he or his 
instructors believe that the pace is too 
fast for him. About one-fifth of the 
students who enter an accelerated se- 
quence finally make such a transfer. 
These are sometimes the students with 
very high grades in all other courses 
who find that the speed-up or the 
reduction of contact hours (or both) 
disrupts their normally effective learn- 
ing process. Also, a few students who 
are accustomed to being near the top 
of their classes are apparently upset 
rather than stimulated by a group 
composed entirely of better students. 

The chief incentive for students to 
take an accelerated sequence appears 
to be that it allows them time later to 
schedule an extra elective course. 
Other advantages are those usually 
associated with a class formed of se- 
lected students: classroom discussions 
are more interesting, less time is 
needed to cover the same material, 
and less time must be spent in review- 
ing the material of prerequisite courses. 

On two occasions, students com- 
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pleting the accelerated sequence jp 
heat power and thermodynamics and 
those completing the regular sequence 
have taken the same comprehensive 
examination. The students complet- 
ing the accelerated sequence made 
higher average scores both times than 
did those who had been eligible for 
the accelerated sequence but had not 
elected to take it. 

A few substitutions for required 
courses which superior students may 
make are listed in the University cata- 
log. In addition, each of these stu- 
dents is encouraged to make other 
course substitutions in accordance 
with his interests and abilities. Each 
substitution must be approved, how- 
ever, by the student’s counsellor, 
Considerable experience has shown 
that students are often reluctant to 
deviate from the regular curriculum 
for fear of “missing something.” Sur- 
prisingly, students are generally more 
conservative with regard to curric- 
ulum modifications than are faculty 
members. 

A number of special courses are 
also open only to better students, who 
may substitute a thesis or individual 
project for a technical elective course, 
and in the nontechnical area, may 
take directed reading courses. Here, 
the student and the instructor jointly 
select books for the student to read, 
and periodically hold conferences to 
discuss the results. In some courses 
the student submits written reports, 
but there are no formal lectures, and 
the student can read at the pace 
which suits him best. 

It is pointed out to students that 
they will read perhaps twice as much 
per credit hour earned in directed 
reading than they would in a regu- 
larly scheduled course. Thus di 
rected reading is not suggested as an 
“academic bargain” in the sense that 
more credit is obtained for less work 
Such reading courses have now been 
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conducted in history, in government, 
and by the Department of English in 
a broad field of literature. 

A few years ago one experimental 
class of a required American history 
course was made up entirely of high- 
ranking students in mechanical engi- 
neering. The students reported that 
the selected group formed a stimulat- 
ing class, but that using the same 
textbook and following essentially the 
same schedule as the regular classes 
prevented the class from developing 
fully, even though the instructor was 
highly capable. 

A separate course instead of just a 
separate class was needed, so the His- 
tory Department assigned one of its 
best instructors to a course in which 
there was but one class per semester 
and restricted enrollment in that class 
to high-ranking students in mechan- 
ical engineering. The course was 
planned and presented especially for 
this group. The response of both in- 
structor and students was overwhelm- 
ingly favorable. Several students 
volunteered that the course was stim- 
ulating to a degree far beyond that of 
any other nontechnical course they 
had taken. 

In view of the advantages of a more 
flexible program under which a stu- 
dent may elect one, two, or many spe- 
cial procedures as he sees fit, no spe- 
cial curriculum for better students has 
been established. For example, a stu- 
dent strongly interested in mechanics 
and machine design may elect the ac- 
celerated sequence in that area and 
the regular sequence in heat power 
and thermodynamics. 

Thus more students benefit by a flex- 
ible program than by a special curric- 
ulum which the student would have 
to elect as a “package” or not at all. 
When a special curriculum is estab- 
lished for better students, usually lit- 
tle is done to give the good students 
who elect the regular curriculum an 





opportunity to modify their programs. 
When queried, “What are you doing 
for gifted students?” faculty members 
are inclined to point to the special 
curriculum and forget the unusually 
capable students who are still in the 
regular curriculum. Sometimes spe- 
cial curricula are oriented toward re- 
search, but many excellent under- 
graduates are simply not interested in 
research. (This is a fact which some 
of us are reluctant to admit. ) 

Experience has also shown that spe- 
cial curricula are sometimes oriented 
toward mathematics and “pure” sci- 
ence to such an extent that many stu- 
dents (brilliant and otherwise) who 
want to be engineers are simply not 
interested. Another disadvantage of 
special curricula is that they some- 
times require courses to be main- 
tained for very few students. Under 
a flexible program, each special course 
is elected by more students than an 
entire curriculum would be. 

The first contact between the spe- 
cial counsellor and high-ranking stu- 
dents is made during their sophomore 
year. In this “get-acquainted” inter- 
view, the counsellor reviews the vari- 
ous special programs or procedures 
available to superior students and dis- 
cusses with the student such matters 
as extracurricular activities and edu- 
cational objectives. The counsellor 
enters on a file card for each student 
any information which may be of 
value in subsequent counselling. 

The second individual contact with 
all high-ranking students is made 
early in the junior year. Students are 
invited to these interviews by a letter 
which outlines the opportunities for 
special procedures and curriculum 
modifications for better students. 

The next scheduled contact of the 
counsellor with high-ranking students 
is early in the second semester of the 
junior year, when they are invited to 
a meeting at which graduate study 
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opportunities are discussed briefly and 
a tour is conducted through all the re- 
search laboratories in the School of 
Mechanical Engineering. The stu- 
dents are taken on the tour in small 
groups, and the staff member in 
charge of each laboratory is present 
to describe the work of graduate stu- 
dents in his area. 

This tour gives advanced under- 
graduates a glimpse of research lab- 
oratories which many of them would 
otherwise never see. It gives them a 
chance to meet and talk with faculty 
members who are directing graduate 
students. The meeting and tour are 
directed toward students in their jun- 
ior year so that they will know more 
about graduate study as they select 
electives and otherwise plan their 
senior year. 

The counsellor of superior students 
brings together students looking for 
part-time jobs and faculty members in 
need of part-time help on research 
projects. This service gives better 
students first chance at these jobs and 
also assures faculty members that the 
students applying for jobs have good 
academic records. 

These part-time jobs familiarize the 
students with some phases of grad- 
uate research work and give them 
valuable experience in some research 
techniques. Working closely with 
graduate students and faculty mem- 
bers often stimulates an interest in 
research and graduate study to an ex- 
tent that courses, lectures, and coun- 
selling alone can never do. 

Early in the fall semester of each 
year, high-ranking seniors are invited 
to a brief meeting at which specific 
information is presented on selecting 
an institution for graduate study and 
on applying for assistantships and fel- 
lowships. This meeting is followed 
by an interview with each student. 
In addition to scheduled interviews, 
students may confer with the counsel- 
lor at any time. 
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The counsellor seldom urges a sty. 
dent to undertake graduate study, but 
instead invites each student to con. 
sider graduate study and to make his 
own decision. The counsellor pre. 
sents all the facts and data that he 
can (such as the enrollment figures jn 
the JournaL Yearbook), but is care. 
ful to present both sides of questions, 
He encourages students to obtain the 
views of other people before reaching 
a final decision. It is both unneces- 
sary and unwise to “oversell” grad- 
uate study. 

In the same way, throughout his 
entire undergraduate program, a stu- 
dent must volunteer or apply for spe- 
cial procedures which are open to him 
by virtue of his superior ability, It 
is made clear that the initiative rests 
with him, and that he can profit by 
these special opportunities only if he 
takes action on them himself. 


Results 


It is difficult to evaluate quantita- 
tively the results of a flexible program 
such as this one. Some results which 
can be expressed in terms of numbers 
of students are: (1) more students are 
making substitutions in the regular 
curricula to capitalize on their inter- 
ests and abilities, (2) more students 
are taking the challenging elective 
courses in both technical and non- 
technical fields, and (3) several supe- 
rior men are already working with 
graduate students and faculty men- 
bers on research projects. 

The most striking result, in general, 
is that the number of graduates enter- 
ing immediately upon graduate study 
increased by a factor of three in two 
years. Even in view of nationwide 
trends toward graduate study and 
changes in the military service pic- 
ture, most of this increase can be ac- 
counted for as a result of the program 
just described for helping superior stu- 
dents to get more from their under- 
graduate education. 
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It occurred to me one day that I 
might attribute my interest in thermo- 
physics to a tradition established at 
Yale by Josiah Willard Gibbs. Then 
I remembered that as a graduate stu- 
dent there I had never had a course 
in this subject. As a matter of fact, 
when Walter Nernst visited the Sloane 
Physics Laboratory he was chagrined 
to find no memorial to Gibbs. Ac- 
cordingly he himself supplied the 
plaque now seen in this laboratory. 
Recently I was discussing the teach- 
ing of thermodynamics with Newman 
A. Hall of the Mechanical Engineer- 
ing Department. He remarked that 
as a newcomer at Yale he had been 
impressed with the lack of any ad- 
vanced graduate course at present 
dealing primarily with thermodynam- 
ics. My social justification for pre- 
senting these comments, therefore, is 
greatly wanting; all that I can offer is 
my continuing personal interest in 
thermophysics. 

I have wondered 
about the thermodynamics courses be- 
ing offered in physics at both the un- 
dergraduate and graduate levels. Ac- 
cordingly, I recently looked over the 
catalogues of thirty-one schools, all of 
which grant more than four Ph.D.’s 
per year in physics. Among the un- 
dergraduate courses specifically listed, 
nineteen institutions offer thermody- 
namics or heat or both; six offer ther- 
modynamics plus kinetic theory and 
statistical mechanics; five offer only 
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kinetic theory and statistical mechan- 
ics; four institutions offer no under- 
graduate courses in the whole field. 

Most of these courses are three 
semester hours, although a few are 
two semester hours only, and an occa- 
sional one is more than three. Evi- 
dently the thermodynamic viewpoint 
rather than the statistical one is 
predominant at the undergraduate 
level in these particular institutions. 
Whether or not this practice is desir- 
able is a legitimate question. 

As for graduate offerings that are 
distinct and not merely a portion of 
an omnibus course in theoretical phys- 
ics, twelve institutions offer courses in 
thermodynamics per se; sixteen offer 
courses in statistical mechanics, or in 
statistical mechanics including kinetic 
theory; seven offer courses in statis- 
tical mechanics, sometimes including 
kinetic theory or thermodynamics; two 
institutions have no such graduate 
work at all. These courses usually run 
for three semester hours, although 
there are a few that are for four to six 
semester hours. 

In addition, three courses on low- 
temperature physics are listed. It is 
evident that the statistical viewpoint 
is predominant in graduate courses. 
After teaching such a course several 
times I found myself including ther- 
modynamics as a deductive part of 
rational statistical physics (1). Again, 
one may reasonably ask whether or 
not this point of view is desirable. 
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Objectives 


This cursory review raises serious 
questions as to just what the objec- 
tives of thermodynamics courses in 
physics are and just what they should 
be. Let us begin our consideration 
of this matter by looking at various 
views of thermodynamics itself. 

Arnold Sommerfeld (2) confesses, 
“In my original view I used to devote 
more time to statistical mechanics as 
compared with classical thermody- 
namics because I was _ personally 
drawn more to the former on account 
of its relation to quantum theory.” 
He notes, however, apparently as an 
afterthought, “Thermodynamics did 
originate from the needs of steam- 
engine builders” (cf. the mathematical 
analysis of N. L. Sadi Carnot, 1824). 

The final report of the ASEE-NSF 
Conference on Thermodynamics (3) 
began with these words, “Thermody- 
namics is an engineering science.” 
Max Born (4) cites thermodynamics 


as involving “new and strange con- 
cepts, obviously borrowed from engi- 
neering.” Referring to the somewhat 
arbitrary use of ad hoc cycles for 
fictitious engines, he remarks, “Even 
as a student, I thought they differed 
too much from the ordinary methods 


of physics.” Later he insists, “This 
state of affairs seems to be the one of 
unhealthy conservatism.” 

It is not altogether surprising, there- 
fore, that in John Slater's “Modern 
Physics” (1955) the word thermody- 
namics is not even mentioned. As he 
notes, “Twentieth century physics is 
essentially atomic physics.” We find 
Erwin Schrédinger (5) asserting, 
“The laws of physics, as we know 
them, are statistical laws.” And Ed- 
ward A. Guggenheim (6) insists, “It 
is possible to obtain a deeper insight 
into fundamental principles from a 
statistical point of view.” 

On the other hand, Percy W. Bridg- 
man (7) cautions that it is “strange 
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that we are more satisfied by explana- 
tions of the macroscopic by the micro. 
scopic using macroscopic laws,” Ap 
experimentalist might well question 
the dictum (8) that thermodynamics 
“has its foundation in the statistical] 
mechanics of atoms” (particularly jp 
view of the uncertain foundations of 
probability ). 

Perhaps Paul S. Epstein (9) offers 
the best compromise. Recognizing 
that modern thermodynamics usually 
involves a cumbersome amount of 
material, owing to the usefulness of 
statistical theory for chemical applica- 
tions, he therefore urges that “a course 
in phenomenological thermodynamics 
has again a useful place in the cur- 
riculum.” From these typical quota- 
tions it is evident that the need to 
clarify the objectives of all thermo- 
dynamics courses, both graduate and 
undergraduate, is a vital issue and not 
an academic footnote. 

I myself would support the thesis 
that physicists should teach thermo- 
dynamics as thermodynamics, a dis- 
tinct discipline valuable for its own 
sake. (I would not argue as to 
whether it should be given to seniors 
or first-year graduate students.) As 
Gilbert N. Lewis (10) has reminded 
us, thermodynamics is still “a monv- 
ment to the power of the human 
mind.” 

In connection with Ludwig E. 
Boltzmann’s derivation (1884) of 
Joseph Stefan’s formula for the emis- 
sion of radiant energy, Hendrick A. 
Lorentz (11) once remarked that it is 
“a veritable pearl of theoretical phys- 
ics.” (Boltzmann extended the con- 
cepts of pressure and of temperature 
to cavity radiation.) Born, too, points 
to concepts like entropy and abso- 
lute temperature as a “wonderful 
achievement.” This glorious theoret: 
ical heritage is not the only basis for 
separate treatment; there are two 
additional important advantages. 
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Reasons 


In the first place, thermodynamics 
is an interesting example of the sci- 
entific method, in that its theoretical 
structure is based upon a few axioms 
well established from experience (12). 
From these few principles one is able 
to derive formally many relations 
among observables (13). It is note- 
worthy that the original foundations 
of thermodynamics have withstood 
the quantum revolution, whereas me- 
chanics has not been so fortunate. 
Recently, Nathaniel Frank, of the MIT 
Physics Department, and I were dis- 
cussing the undergraduate mechan- 
ics course given at the Massachusetts 
Institute of Technology. He advo- 
cated the teaching of mechanics for 
its exemplification of the scientific 
method—an instance par excellence in 
the field of physics. I noted, “Except 
for thermodynamics!” Heagreed. Of 
course, in any axiomatic approach one 
must be ever alert to present the mate- 
rial as incomplete and growing, i.e., 
from a research point of view. 

Secondly, it is well to bear in 
mind that thermodynamics still af- 
fords an adequate and accurate de- 
scription of many physical occurences, 
even if not a full explanation of all. 
Fluctuation phenomena, which repre- 
sent an important exception, do not 
invalidate the rest of the picture. The 
very fact that thermodynamics con- 
tains no simplifying assumptions, like 
those occurring in statistical mechan- 
ics, is actually an advantage. 

What is more, in a field like fluid 
dynamics (14, 15) when one com- 
bines thermodynamics and mechanics, 
as in compressible flows (aerothermo- 
dynamics ), one obtains a more power- 
ful tool to investigate phenomena than 
the laws of motion by themselves. It 
is not just the independent disciplines 
of mechanics and of heat that are im- 
portant here, but rather their inter- 
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relations. The unique domain of sta- 
tistical thermodynamics might be kept 
for a second course; it would include 
entropy changes for highly dispersed 
systems, for mixtures of very similar 
substances, and for very cold systems. 

In short, I would teach introductory 
thermodynamics as thermodynamics 
a branch of physics. In so doing, of 
course, I would emphasize the rigor- 
ous treatment of its fundamental con- 
cepts. Statistical associations, as well 
as engineering and chemical illustra- 
tions (wet steam and real gases), 
would be included, but thermodynam- 
ics would be taught primarly as phys- 
ics. This point of view (16) should 
not preclude a chemist from teaching 
chemical thermodynamics where the 
stress would be on chemical applica- 
tions, or an engineer from giving 
engineering thermodynamics with an 
emphasis on engineering problems. 

Guggenheim begins his book Ther- 
modynamics (5) with the statement, 
“The term thermodynamics is a mis- 
leading word; the fact is that the word 
suggests non-equilibrium as the result 
of the use of the word dynamic.” He 
recommends the term “thermophys- 
ics.” I, too, would prefer to use this 
word, although I am quite conscious 
of the fact that such a change may 
not be practicable at this advanced 
state of usage. This term is logically 
preferable in that heat is a factor that 
affects phenomena in all branches of 
physics. 

Most physical phenomena are de- 
pendent upon temperature; for exam- 
ple, the frequency of the vibrations of 
a string, the compressibility of a gas, 
the capacitance of a condenser, the 
mutual inductance of a transformer. 
Thermophysics, moreover, should 
comprise also phenomena in which 
temperature plays a primary role, 
such as thermoelectric, paramagnetic, 
and dielectric properties; supercon- 
ducting and superfluid materials, and 
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fluid, with charged particles (elec- 
trons and ions). 

From the standpoint of so-called 
modern physics, one should certainly 
include solids and liquids as well as 
gases, regardless of the theoretician’s 
desire to utilize the simplest model 
of a thermodynamic system, viz., a 
homogeneous fluid. It is not only 
that thermal effects are significant; the 
mechanical description of such phe- 
nomena is actually inadequate. 

If one neglects temperature, as is 
customary, one does obtain only five 
equations (three for motion, one for 
continuity, and a stress-strain rela- 
tionship like that between pressure 
and density). Five variables (pres- 
sure, density and the three velocity 
components) are then sufficient to 
describe the mechanical aspects of 
phenomena. Temperature, however, 
must be added as a sixth variable; a 
sixth equation with an appropriate 
boundary condition is now necessary 
to obtain a complete solution. 


Three Aspects 


Thermodynamics, accordingly, 
should be taught as a discipline em- 
bracing many branches of physics and 
not just heat. Furthermore, I would 
stress three aspects (17): (1) an op- 
erational point of view with respect to 
the world of physical phenomena, (2) 
the use of mathematics with respect 
to the world of physical concepts, and 
(3) philosophical interpretation with 
respect to the world of physical 
theory. 

In considering the need for an op- 
erational point of view, to be sure, I 
would emphasize at the start that 
thermodynamics is obviously limited 
theoretically by the atomic structure 
of matter and practically by the scale 
of instruments available for investiga- 
tion. The latter handicap, however, 
should not bother us, inasmuch as all 
physical data are necessarily smoothed 
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or “fudged,” thus permitting a causal 
description. In all these emphases we 
note the necessary anthropomorphic 
character of science. 

In preparing this article, I wrote to 
some book companies to ascertain the 
present “popular” college text books 
in general physics courses. I subse. 
quently read the portions of twenty- 
nine texts (all published since 1940) 
dealing primarily with the subject 
matter of heat, thermodynamics, and 
kinetic theory (about 23% of the 
total material ). 

In each instance I specifically made 
a point of also looking up a concept 
in the index in order to insure my 
reading what the author himself re- 
garded as pertinent information. (This 
method, of course, is dependent upon 
a good index.) In general, I found 
considerable confusion with respect to 
fundamental concepts in thermody- 
namics, a confusion that could be 
greatly decreased by greater emphasis 
on an operational point of view. | 
shall illustrate the reason for this con- 
clusion by a few examples. 


Temperature 


Let us consider first of all the con- 
cept of temperature. Among the texts 
reviewed, two did not bother defining 
temperature at all, eleven were con- 
tent with referring to it quite an 
thropomorphically as hotness or cold- 
ness, and nine regarded it as some 
unspecified factor that determines the 
direction of heat flow. There was an 
occasional mention of temperature be- 
ing average (not synonymous with 
random!) kinetic energy or intensity 
of heat or thermal level. To me an 
unusual definition of temperature was 
“that which is measured by a ther- 
mometer.” (At least this definition 
is operational. ) 

Despite the fact that every author 
apparently regards temperature 4s 4 
fundamental concept, he is usually 
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satisfied to introduce it in a hazy fash- 
ion and to permit it to stay that way 
throughout the book. In an older 
text (18) there is actually an expres- 
sion that “A satisfactory definition of 
temperature is at present impossible; 
the definitions which have been pro- 
posed either contain vague claims 
which render their use exceedingly 
unscientific, or else they define a state, 
of which the possible knowledge of 
certain assumptions which are really 
forced upon us by phenomena, are 
connected with the very conditions 
which we seek to define.” 

Rightly or wrongly, the casual 
reader certainly gets the impression 
that any old scale of temperature will 
do—even that of a perfect gas that is 
freely admitted not to exist. I do not 
mean to infer that difficult concepts 
need not be presented at the student's 
level of psychological and intellectual 
maturity. I believe, however, that 
there is a threshold level of intellec- 
tual attitude below which one is not 
really discussing physics as a science. 

Temperature must be logically 
based upon the concept of thermal 
equilibrium. All thermodynamics 

19), indeed, is necessarily concerned 
with thermal equilibrium because it is 
requisite for a definition of tempera- 
ture (cf. R. H. Fowler’s axiom, the 
so-called “zero” law of thermodynam- 
ics). We start with the fact that if a 
body A is in thermal equilibrium with 
another body B, and body B, in turn, 
isin thermal equilibrium with a third 
body C, then A must necessarily be in 
thermal equilibrium with C. 

It is appropriate, therefore, to begin 
with a room in thermal equilibrium. 
The so-called physical “state” of a 
body in thermal equilibrium may then 
be specified in terms of a number 
of independent physical properties. 
These variables are found to be re- 
lated in some fashion, dependent upon 
another variable, the so-called tem- 





ON TEACHING THERMOPHYSICS 651 


perature which changes with a change 
in thermal equilibrium. For exam- 
ple, in the case of an ideal gas with 
pressure p and volume V, the product 
pV remains constant as long as the 
temperature is unchanged, or as long 
as the thermal equilibrium remains 
the same. A function like pV is ex- 
perientially determined from isother- 
mal behavior of the gas. 

If the temperature changes, how- 
ever, pV = RT (the thermal equation 
of state). This procedure involving 
thermal equilibrium deceives no one; 
it does not directly give a physical 
meaning of temperature; it merely 
defines equality of temperature, or an 
arbitrary function of temperature. It 
would seem desirable even in a be- 
ginning course to discuss qualitatively 
the meaning of temperature for a non- 
homogeneous body, for a strong radia- 
tion field, for a change in the physical 
system, as say from an ortho state to 
a para state in hydrogen, or for steady 
states like heat conduction. 

In the measurement of temperature, 
it is important to keep in mind that 
the proper scale of an instrument de- 
pends both upon the size of the object 
being measured and upon the time 
during which physical changes take 
place. One must be careful also of 
particular qualifications, e.g., a flat 
thermometer (like a pressure gauge) 
will read differently depending on 
whether it points parallel or perpen- 
dicular to a stream. A thermometer 
accordingly should always move with 
a stream. 

In a beginning course, inasmuch as 
mechanical work always involves rela- 
tive motion, one might note that there 
is a factor here, too, which is usually 
neglected. The climax of any discus- 
sion of temperature should deal with 
the concepts of absolute temperature 
and of absolute zero. Sommerfeld 
(2) observed that the whole structure 
of the science of thermodynamics 
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would collapse without the existence 
of a fixed but unobtainable lower limit 
of temperature. 


First Law 


Let us now consider operationally 
the first law of thermodynamics, 
which is concerned with “quantity of 
heat,” associated usually with tem- 
perature change. Among the elemen- 
tary texts reviewed, three fail to give 
any definition at all of “quantity of 
heat”; nine indicate that it depends 
somehow upon molecular motion 
(three of these specify the kinetic 
energy of molecules); nineteen are 
content with describing quantity of 
heat as some form of energy. An un- 
usual definition states that quantity of 
heat is “the most low-down form of 
energy. 

More tantalizing are remarks like 
“work is a form of heat,” and “energy 
is heat, or anything that can be con- 
verted into heat.” Such false deduc- 
tions, I suppose, are understandable 
if one wrongly associates the premise 
that heat is a form of energy with the 
premise that energy is capacity to do 
work. Throughout much of the dis- 
cussion of heat in these elementary 
text books, there is latent the idea that 
heat is a material substance. The 
caloric concept (20) today persists in 
the colloquial expressions of teachers 
(cf. the “flow of heat”). 

Real imagination, I confess, is re- 
quired here to visualize that heat 
which has been introduced into a sys- 
tem is not retained in that system as 
heat. In this connection, I am re- 
minded of a statement attributed to 
Schrédinger with respect to certain 
particles that escape from atomic nu- 
clei. “How can these particles come 
out if they are not inside?” was the 
common query. Schrédinger ob- 
served that just because a person goes 
into a bathroom all dressed, he does 


not necessarily remain dressed there 
while he is taking a bath. 


Systems 


Thermodynamics is always def. 
nitely associated with walls or ep. 
closures, be they adiabatic, diatherm. 
mous, or semi-permeable, so that one 
must initially specify a system and its 
boundaries. In acoustics, for exam. 
ple, the vibrations may be so rapid 
that there is no time for heat to be 
transferred out of a given region, and 
the phenomenon can be considered as 
virtually adiabatic. 

The crux of the matter in the first 
law of thermodynamics, then, is the 
behavior of a given system as the re- 
sult of interactions (21) with other 
systems in the form of work and of 
heat. One might begin by noting that 
thermal convection is not heat inter- 
action in a strictly thermodynamic 
sense, whereas thermal conduction and 
radiation are. Bridgman has empha- 
sized that it is necessary to consider 
the general condition for which heat 
and work can be defined. In the case 
of small-scale turbulence, for instance, 
do we have an exhibition of mechan- 
ical energy, or of heat, or of both? 
Radiation, too, poses an interesting 
question of the same kind. 


Textual Treatment 


Among the texts considered, eight 
do not even mention the word ther- 
modynamics; two regard the first law 
as an expression of energy change in- 
dependent of path; five associate it 
with the mechanical equivalent of 
heat; and nine view it as the conserva- 
tion of energy (three as a general 
expression of that law, and four as@ 
specific statement with respect to 
heat). A somewhat strange formule 
tion is this one: “The first law of ther- 
modynamics is frequently referred to 
as the mechanical equivalent of heat’ 
If one uses the individual terms i 
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their broad meanings, this statement 
makes sense, but it may be misleading 
to a person concerned with science as 
precise terminology. 


Actually, the first law of thermo- 
dynamics involves a new physical con- 
cept, namely, internal energy. In 
general, one should speak strictly of 
an energy function, inasmuch as 
changes only can be measured. Un- 
less one is very careful, however, the 
first law may become mere tautology. 
For example, Alan H. Wilson (22) 
states, “The first law of thermodynam- 
ics is not very illuminating since it 
merely shows that the internal energy 
isa function of the state and provides 
a definition of heat.” Born (4), Fermi 

93) and Guggenheim (6) all use the 
first law merely to define quantity of 
heat. I personally believe that it is 
preferable to regard the law as de- 
scribing an experimental relation. 
Starting with the concept of a physical 
state which is described by certain in- 
dependent variables, including a phys- 
ical quantity that we will designate 
internal energy, we observe that, re- 
gardless of the input and output both 
of work and of quantity of heat, the 
change in internal energy of a body 
remains the same when the physical 
state changes, independent of the 
path of that change. 

If one were to come across a pos- 
sible new form of energy, one would 
have to check the new energy func- 
tions to ascertatin whether the new 
form would satisfy similar conditions. 
This would not be just an arbitrary 
correction to balance an equation (24). 

Conservation of energy, however, is 
actually broader than the first law of 
thermodynamics. There is great 
danger is using technical words in so 
careless a fashion that they may lose 
their precise meanings. For example, 
to say that mass is the same as energy 
isnot quite correct, inasmuch as phys- 
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ically they do not have even the same 
dimensions. 


Second Law 


Let us turn to the second law of 
thermodynamics. Max Planck (25) 
once said, “The problem of formulat- 
ing the second law of thermodynamics 
has Occupied physicists for decades.” 
Unlike the first law, there have been 
many attempts to disprove it. On the 
other hand, a proof which is based 
upon an idealized concept, like that 
of a perfect gas, is far from being con- 
vincing. 

Here, too, one meets a new concept, 
namely entropy. Four of the above 
elementary texts give a formula for 
entropy: namely, the ratio of change 
of quantity of heat to absolute tem- 
perature. Only two of these texts, 
however, specify the condition of re- 
versibility (preferably the idea of a 
quasi-static process), without which 
the formula does not hold. Twenty- 
four texts make no mention of entropy 
at all. In his paper (3) on “Thermo- 
dynamics for All Engineering Sci- 
ences,’ George A. Hawkins claims that 
“The nature of entropy is not like that 
of temperature or pressure. It is a 
subjective concept rather than objec- 
tive.” 

On the contrary, Schrédinger (5) 
stresses: “What is entropy? Let me 
first emphasize that it is not a hazy 
concept or idea, but a measurable, 
physical quantity just like the length 
of a rod.” We recall that in the 19th 
century Gustav Kirchhoff actually 
wished to restrict the concept of en- 
tropy to so-called reversible processes 
(actually a succession of equilibrium 
states). It was Planck (26) himself, 
however, who emphasized in his doc- 
toral thesis the general validity of the 
concept and its applicability to radia- 
tion—an investigation which was to 
lead in 1900 to his formulation of the 
quantum theory. 
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The point here is that only the ini- 
tial and final stages, say of an expand- 
ing gas, are to be regarded as causally 
related by the mathematical descrip- 
tion, not the intermediate states. The 
concept of macroscopic reversibility 
and irreversibility, therefore, is con- 
cerned only with the initial and final 
states, not necessarily with the trans- 
formation process itself. It is evident, 
then, that one must treat entropy op- 
erationally. As Guggenheim (6) has 
emphasized, the early introduction of 
the so-called third law of thermody- 
namics was not essentially a new prin- 
ciple but merely a means of measur- 
ing entropy, and thereby of rendering 
that concept more useful. 


The Theory 


Turning now to the second law it- 
self, we find that there are usually two 
types of formulations: one going back 
to the original statement of 1850 by 
Rudolph Clausius in terms of heat 
transfer (cf. his introduction of the 
concept of entropy), tne other to the 
independent one by William Thom- 
son (Lord Kelvin) a year later with 
respect to heat transformation (cf. his 
introduction of the concept of abso- 
lute temperature). It is important 
that a student understand in detail the 
equivalence (27) of these two state- 
ments. 

Five of the reviewed texts attempt 
to formulate the second law in terms 
of the transformation of heat into 
work. One states categorically that 
a complete transformation is impos- 
sible; two stipulate that it is impossible 
only if there are no associated changes; 
the other two specify that it is impos- 
sible only for cooling alone. 

Twelve of the texts, however, prefer 
to regard the second law as concerned 
with the impossibility of heat transfer 
from a body at a given temperature to 
one at a higher temperature. One of 
them is quite content to say with 
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finality that such a transfer is always 
impossible, another states that a self. 
acting machine cannot accomplish it, 
three specify that it cannot be done 
spontaneously, three others insist that 
it is impossible even for a cyclic proc. 
ess, and four restrict the impossibility 
to the case when no work is done. 

More than one hundred years have 
elapsed since the first formulation of 
the second law of thermodynamics, 
It is truly surprising that the average 
textbook does not contain as good 
statements of this law as those made 
originally by Clausius and by Thom- 
son, who carefully noted the restric. 
tive conditions. 

Examples are always helpful in 
clarifying concepts. Let us now con- 
sider a few; first, a transformation in. 
volving heat and work. Heat an ideal 
gas at a constant temperature and 
allow it to do work under expansion. 
While there is no change in internal 
energy, the energy available at the 
end of the expansion is less than at the 
beginning: there has been a change of 
entropy. This fact is recognized im- 
mediately if the law is stated, as it 
should be, in terms of cyclical proe- 
esses, 

Or, to take another case, let us con- 
sider the transfer of energy from a 
portion of a gas at a low temperature 
to another portion at a higher ten- 
perature. Suppose the gas chamber 
is divided into two compartments, 
separated by a movable piston. Let 
the gas on one side be at high pres 
sure and low temperature, while that 
on the other side is at a lower pressure 
and a higher temperature. The pis 
ton will then be forced from the high- 
pressure side to the low-pressure side, 
the high-pressure gas will become 
compressed and hotter. Effectively 
internal energy will have been trans 
ferred from a cool gas to a hot gas 
Here again we note that the process 
has not been cyclical so that there i 
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no violation of the second law of 
thermodynamics. 

Finally, we look at a recent incident. 
A reviewer of Leon Brillouin’s book 
(28) Science and Information Theory 
objects to his comment that electrical 
energy is a higher form of energy than 
chemical energy. The reviewer (29) 
argues, “Neither does he explain how, 
if electrical energy and chemical en- 
ergy are of different grades, we can 
have a reversible electrochemical re- 
action as in a storage battery.” Thom- 
son himself committed the same error 
years ago with respect to a Daniell 
cell. which shows an apparently re- 
versible change of electrical and 
chemical energy. The complete 
analysis (30) is given in the Helm- 
holtz equation, which includes the 
possibility of thermal energy being 
produced from internal energy. (The 
same correction arises in the Joule 
free expansion of a real gas. ) 

One has to be careful also that pop- 
ular statements about the second law 
of thermodynamics may not become 
confusing in their over-simplification. 
Take, for example, Kelvin’s remark 
(1854) that there is a tendency to- 
wards the dissipation of mechanical 
energy. What happens, however, if 
the initial and final states have the 
same energy, as in the case of self- 
diffusion or in the dilution of a dilute 
solution? 

Or, consider Maxwell’s emphasis 
(1860) upon increasing disorder. 
How does one then account for an 
undercooled liquid crystallizing at a 
higher temperature and having an in- 
crease in entropy at the same time? 
Albert Einstein, indeed, has empha- 
sized that the second law is broader 
than the mere observation that heat 
will not go spontaneously from a body 
at a low temperature to one at a 
higher temperature. 

Whenever there is a transfer of 
heat, even from a body at a high tem- 
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perature to one at a lower tempera- 
ture, the process is inherently irre- 
versible. There is always an indelible 
imprint upon the physical universe; 
the final state of the system cannot 
be obtained reversibly from the initial 
state. In this instance the energy 
available for work at the final low 
temperature is actually less than that 
available at the initial high tempera- 
ture. 

Confusion as to the relationship of 
entropy and availability of energy can 
apparently occur even among the ex- 
perts, as the following footnote in 
Lord Rayleigh’s edition of Clerk Max- 
well’s classic (31) shows: “In former 
editions af this book the meaning of 
the term entropy, as introduced by 
Clausius, was erroneously stated to be 
that part of the energy which cannot 
be converted into work. The book 
then proceeds to use the term as 
equivalent to the available energy, 
thus introducing great confusion into 
the language of thermodynamics.” 
One evidently needs a rigorous pres- 
entation of the second law of thermo- 
dynamics. 

An operational point of view will 
certainly help the achievement of this 
objective. Terms like Clausius’ “en- 
ergy of the universe” and “entropy of 
the universe” must be operationally 
differentiated from laboratory usage 
of the words energy and entropy. Ed- 
mund Whittaker’s principles (32) of 
impotence, too, would become less 
mysterious, if we could express our 
concepts positively and concretely. 


Mathematics and Physics 


Let us now consider my second 
emphasis, which is concerned with 
the use of mathematics with respect to 
the world of physical concepts. Ther- 
modynamics is so well developed that 
it truly has become a mathematical 
science. There are, however, two dis- 
tinctive mathematical points of view, 
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practical mathematics for doing and 
theoretical mathematics for viewing. 
With respect to the former, Bridgman 
(7) has observed that thermodynam- 
ics is “the most difficult branch of 
physics to teach”—possibly because of 
the different mathematical formalism 
that is used here as compared with 
that in other branches of introductory 
physics. 

It is just this mathematical differ- 
ence, I believe, which makes the 
teaching of thermodynamics a broad- 
ening influence in the education of a 
physicist. Here, for the first time, one 
becomes acquainted with functions of 
different kinds of variables, inasmuch 
as the state of a system depends upon 
more than one physical quantity. For 
example, internal energy can con- 
veniently be expressed as a function 
of volume and of temperature (the 
so-called caloric equation of state), 
or as a function of entropy and of 
volume. 

Moreover, functions like that of in- 
ternal energy are not point functions, 
like kinetic energy, which is unique 
with respect to the velocities at a 
point. The state, too, may often be 
given by an implicit function; for ex- 
ample, F(p,V,T) =0 so that many 
types of partial derivatives are neces- 
sarily involved. 

Now there are ten basic thermody- 
namic quantities with 720 important 
first derivatives, resulting in (10)*° 
relations involving four derivatives 
(cf. Maxwell's relations in 1883). A 
useful function in this connection is 
the Jacobian, which relates the deriva- 
tives of different independent varia- 
bles. What is evident, but not often 
stressed in a begining thermodynam- 
ics course, is that some kind of clas- 
sification system is requisite. Bridg- 
man, for example, has shown that one 
need be concerned only with a min- 
imum of forty-five relationships. 
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It was Clausius who originally 
noted the desirability of expressing 
thermodynamic laws in terms of quan- 
tities independent of the path of 
change. The study of thermodynam. 
ics accordingly is facilitated by the 
use of exact differentials—in the math- 
ematical sense, rather than in the 
physical usage of something very 
small. One sometimes forgets that 
even entropy is first of all a function, 
at times an elementary function. For 
simple cases it may naturally appear 
in relations involving the first law, 

For example, the reciprocal of the 
absolute temperature becomes merely 
an integrating factor for a reversible 
change in quantity of heat under 
adiabatic conditions. One should be 
introduced also to Gibbs's thermody- 
namic potentials (33) which afford a 
more convenient and less arbitrary 
method than do intuitive cycles. 

The derivatives of such functions 
enable one to determine readily phys- 
ical quantities. The choice of the 
functions themselves depends upon 
whether or not they are maximized 
and minimized under specific physical 
conditions. One learns here how im- 
portant it is physically to choose par- 
ticular variables as the independent 
ones. 

In a beginning thermodynamics 
course, it would not be appropriate to 
stress theoretical aspects of the mathe- 
matics involved. I do believe, how- 
ever, that one should call the student's 
attention to more abstract questions 
like the fundamental properties of per- 
fect differentials (for example, the 
geometrical properties of certain dif 
ferential equations and their solu- 
tions). Born (34) points out that 
“Pfaffian equations are the mathemat- 
ical expressions of elementary thermo- 
dynamic experiences.” 

Constantin Carathéodory (35, 36) 
(1909, 1925) has shown that the most 
satisfactory formulation is given when 
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the internal energy is expressed as 
a function of entropy and of volume. 
Starting with the observation of cer- 
tain physically impossible processes, 
he is thus able to arrive at a mathe- 
matical expression of the second law 
from a postulated principle of inacces- 
sible states, i.e., the existence of adia- 
batically inaccessible states in any 
vicinity of a given state. He simulta- 
neously proves the existence of func- 
tions behaving like entropy and like 
temperature. 

The intellectual beauty of his 
method is that the whole of thermo- 
dynamics can be derived from a very 
few axioms—a scientific achievement 
not to be discounted. From a peda- 
gogical viewpoint, of course, the Car- 
not-Clausius use of cycles is much 
more instructive and thoughtful in a 
beginning course in thermodynamics. 


Philosophy 


Finally, let us consider briefly my 
third emphasis on the need for a 
philosophical approach. Born (37) 
has said “Physics free from metaphys- 
ical hypothesis is impossible. 
Science is not only the basis of tech- 
nology, but also the material for a 
sound philosophy.” In the case of the 
second law of thermodynamics, one 
has a unique opportunity to discuss 
philosophical (37) questions. In view 
of the fact that every one else will dis- 
cuss the philosophical aspects of sci- 
ence, with or without physical com- 
prehension, it seems mandatory that 
the physicist himself make clear the 
scientific limitations, as well as pos- 
sible philosophical interpretations, of 
this law. In the very year (1860) 
that Clerk Maxwell first suggested the 
possible relation of the second law of 
thermodynamics to increasing disor- 
der, Herbert Spencer published his 
First Principles, clarifying the then 
hew principle of evolution, but com- 
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pletely ignoring the better validated 
second law of thermodynamics. 

It is interesting to note historically 
the many theological interpretations 
(38) that have been given to the sec- 
ond law, beginning with Kelvin, who 
was concerned in 1852 with the be- 
ginning and the ending of the uni- 
verse. The very thought that there 
may have been a beginning suggests 
that there may have been a creation. 
On the other hand, William R. Inge 
remarked in 1933, “Modernist philos- 
ophy is wrecked on the second law of 
thermodynamics.” 

Even in 1957, Elton Trueblood 
(39) notes in his interesting book 
The Philosophy of Religion that “The 
second law of thermodynamics thus 
points to theism as an explanation of 
the world—science, instead of under- 
mining belief in God, becomes the 
first witness.” Pope Leo XII (40) has 
expressed a similar view. Inasmuch 
as the second law represents a prin- 
ciple of history, there are bound to be 
diverse metaphysical interpretations 
(41) if it is considered together with 
other cultural aspects. 

Thinking now of the more general 
philosophical interpretations, one finds 
Henri Bergson (42) noting that the 
second law is “the most metaphysical 
of the laws of nature.” More recently 
Arthur S. Eddington (43) has re- 
garded the second Jaw “as having the 
supreme position among the laws of 
nature.” He bases his conclusion 
upon the fact the second law deals 
with time, i.e., subjective time (ac- 
cording to his view). 

Under any circumstances the sec- 
ond law has become a battleground 
between materialism and _ idealism. 
(The latter view is exemplified best 
by James H. Jeans (44).) Material- 
ism and naturalism, on the contrary, 
have also found comfort in the view 
that chaos can certainly not be re- 
garded as a proof of design. Thus we 
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note that the same law is used to sup- 
port both sides of the case. 

What is evidently needed here, as 
in all the rest of physics, is a clear 
understanding of the nature of a 
physical law and of its limitations. 
For example, take the universe per se. 
Is it bounded or is it infinite? If 
bounded, is the boundary moving? If 
the boundary is moving, is there an 
energy leak? Evidently broad changes 
in thermodynamics may be required 
to accommodate relativistic and coso- 
mological theories (45). 

The very fact of life itself presents 
additional complexities. In 1946, 
Bridgman asked how one can calcu- 
late the entropy of a living substance, 
inasmuch as a reversible process is 
necessary to make possible any phys- 
ical measurement of entropy, and there 
is obviously no known reversibility be- 
tween the states of life and of death. 
As Brillouin (29) has suggested, the 
study of unstable equilibrium or nega- 


tive catalysis may contain a clue. In 
this connection, we note that there is 
a possibility of a life principle with or 
without a physical-chemical basis. 
Finally, consider the general prob- 


lem of intelligence. Norbert Wiener 
(46) has emphasized that any “amount 
of information is the negative of the 
quantity usually defined as entropy 
in similar situations.” What is the 
difference in entropy between a comic 
book and a cosmic book? Is it pos- 
sible to arrive at a generalized concept 
of entropy that will be applicable to 
both? One can obviously go on at 
great length discussing philosophical 
interpretations of thermodynamics in 
general, and of the second law of 
thermodynamics in particular. 


Conclusions 


Let these few remarks suffice to call 
your attention to certain emphases in 
teaching of thermodynamics, which, I 
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believe, are quite essential from the 
standpoint of a physics student: first, 
an operational view, because it wil] 
lead to clearer physical concepts; sec. 
ond, a mathematical point of view 
because it will result in a clearer ‘on: 
derstanding of functional relations. 
and finally, a philosophical point of 
view, because it will outline limita. 
tions of the applicability of these basic 
physical laws to life (5, 47, 48), the 
life that we all live. I would recom. 
mend therefore that we consider how 
to improve the teaching of thermo. 
physics at all levels of instruction from 
these and various other applicable 
points of view. 
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APTITUDES AND ATTITUDES 


GLEN H. HOWELL 


Professor of Mechanical & Industrial Engineering 


With the forming of the Society for 
the Promotion of Engineering Educa- 
tion in 1893, the first concerted effort 
was made to study and evaluate en- 
gineering curricula on a national scale. 
The many reports that have been 
made through the years have re- 
sulted in tremendous forward strides 
in both the art and science of cur- 
ricula development. The highest of 
these several plateaus was reached in 
June 1955 with the presentation of 
the “Report on Evaluation of Engi- 
neering Education” by Dean L. E. 
Grinter and his committee. The work 
of the “Grinter Committee” has been 
very impressive and very effective, 
yet for some people one important 
area has not been sufficiently empha- 
sized. This might be called the “hu- 
man relations” or “attitudes” aspect. 

One point of the summary of the 
previously mentioned report states in 
part that “Positive steps (should be 
taken) to insure maintenance of facul- 
ties with the intellectual capacity as 
well as the professional and scholarly 
attainments necessary to implement 
the preceding recommendations (of 
the report).” There is no quarrel with 
this recommendation except that it 
does not go far enough. Together with 
curricula changes and development of 
professionally qualified faculties goes 
the necessity of a program of self- 
development of those faculties in 
terms of their attitudes and _ their 
ability to get along with other people. 
“Getting along” is important, as evi- 
denced by the fact that far more staff 
members, both in industry and in 
education, fail to progress satisfac- 
torily because of inadequacies in this 
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area than for all other inadequacies 
combined, including lack of technical 
abilities. 


Assumptions 


To eliminate some of the variables, 
we can assume that the professional 
competence of the instructor has been 
thoroughly checked and is above re- 
proach; we can further assume that 
the curriculum has been established 
at the best level presently known. Just 
as important as professional com- 
petence and curricular planning, in- 
deed, in some ways more important, 
are the attitudes the individual in- 
structor brings to and displays through 
his teaching. Sometimes these atti- 
tudes are expressed; sometimes im- 
plied; and often conveyed completely 
by actions of the individual. In any 
event, all instructors and_ professors 
need to stop for intensive introspec- 
tion of their own attitude levels. 

For convenience only, not to imply 
mutual exclusiveness, we can divide 
attitudes into three major groupings: 

1. Attitudes as an engineer 


2. Attitudes as a teacher 
8. Attitudes as an individual 


Obviously a complete discussion of 
every phase of all of these attitudes 
is impossible within the limitations 
imposed. A few points will be con 
sidered under each area with the idea 
that individual thought and considera- 
tion will add extensively to the list, 
and with the hope that some good 
may come from even this small 
amount of self-examination, evalua 
tion, and introspection. 
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APTITUDES AND ATTITUDES 


Apr., 1958 


Responsibility 
As An Engineer 


Perhaps the first attitude that 
should be developed as an engineer 
is the acceptance of engineering as 
a profession; and, as a corollary, the 
development of a truly professional 
attitude. Much is implied in the pre- 
ceding statement, including a discus- 
sion of the many definitions and 
implications of the term “profession.” 
This is neither the time nor place to 
explore completely all of the possibili- 
ties. Suffice it to say that professional- 
ism indicates individuality of action, 
reward, and responsibility. It indi- 
cates the development and practice 
of a code of ethics which is beyond 
criticism of those either in or out of 
the profession. Perhaps the best ap- 
proach to this ideal so far is the 
preamble to the Canon of Ethics of 
the National Society of Professional 
Engineers: 


“Honesty, justice and courtesy form a 
moral philosophy which, associated with 
mutual interest among men, constitutes 
the foundation of ethics. The engineer 
should recognize such a standard, not in 
passive observance, but as a set of dy- 
namic principles guiding his conduct and 
way of life. It is his duty to practice his 
profession according to these Canons of 
Ethics. 

As the keystone of professional con- 
duct is integrity, the engineer will dis- 
charge his duties with fidelity to the 
public, his employers and clients, and 
with fairness and impartiality to all. It is 
his duty to interest himself in public 
welfare, and to be ready to apply his 
special knowledge for the benefit of man- 
kind. He should uphold the honor and 
dignity of his profession and avoid associ- 
ation with any enterprise of questionable 
character. In his dealings with fellow 
engineers he should be fair and tolerant.” 


Only one other point needs con- 
sideration in the development of a 
professional attitude: the necessity of 
continuing education not only through 
work on any advanced degrees but 
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throughout a man’s entire professional 
career. True, there are many rewards 
to being a professional, but each of 
those rewards is closely coupled with 
one or more responsibilities. When 
we accept one we must at the same 
time accept the other. They are in- 
separable. 


Responsibility 
As a Teacher 


Attitudes as a teacher can be sub- 
divided into three groups: 

1. Toward teaching as a career 

2. Toward a particular college or 

university 

3. Toward particular courses 

Much thought and discussion has 
gone into the question of interesting 
more people in teaching engineering 
As a result almost everyone has his 
own pet theories as to what should be 
done. Perhaps the most popular 
theory is based on raising professors’ 
salaries. No one in the teaching field 
could conceivably object to an in- 
crease in income, yet this increase, of 
and by itself, will not expand the 
numbers of qualified persons applying 
for teaching positions. In fact, a pos- 
sibility exists that although the in- 
crease would probably cause more 
persons to apply, it might result in an 
actual decrease in the percentage of 
qualified persons and start a spiral 
of declining over-all quality. Much 
more can be done if the attitudes of 
the present teaching personnel are 
directed along proper lines. 

Along the same line, it must also 
be remembered that increasing sal- 
aries, per se, will not automatically 
increase the effectiveness of present 
teachers. The problem is far more 
complex than such a simple philoso- 
phy would imply. A recent writer in 
the JournaL wrote facetiously, yet 
with an important element of truth, 
“Many Deans will attest that college 
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professors are constantly complaining 
about their salaries and at the same 
time are getting fat and sassy on 
them.” 

How frequently we hear of high 
school and even grade school stu- 
dents deciding to be a school teacher 
because, and only because, of the 
effectiveness — right attitudes if you 
will — of one teacher. College students 
are only high school students with 
diplomas in their hands. Here is the 
greatest potential source of encour- 
agement to increase the number of 
engineering teachers that can be 
found any place—the teachers them- 
selves. And how can we do it? You, 
yourself, can add immeasurably to 
the representative teacher attitudes 
that are highly desirable. 

Have you ever heard the complaint 
that a certain person is not trying to 
teach a class, but is trying to show 
his own superiority by flunking in 
large numbers those who are as- 
signed to his courses? In many cases 
the complaints are highly justified. 
The result is that students think, 
among other things, “I wouldn’t want 
to be classified in the same profession 
with a character like that one.” Far 
from being a suggestion that students 
should be coddled and pampered, this 
is a reminder that we are classified as 
teachers, with an active emphasis on 
the first syllable. 

The great American tradition among 
students is that of complaining, wheth- 
er a course is good, bad, or indifferent. 
There is a great difference in the tone 
of the complaint, however. Even a 
very difficult course presented with 
the proper exphasis will get a friendly 
tone of complaining. A course that is 
not making the student put something 
into it will not be so treated. 

A good teacher must evidence his 
own interest in what he is doing by 
giving adequate preparation time to 
his courses. Interest begets interest. 
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Proper organization of material is g 
necessity for good presentation, Qy. 
ganization requires time, and jf 
proper time is not spent in preparation 
there is strong reason to suspect g 
deplorable lack of interest. Even g0 
seemingly small a thing as showing 
the inter-relationship between varioys 
parts of a course are helpful; com. 
plete inter-relating of all the various 
courses in a curriculum becomes 4 
major step forward. Interest can be 
markedly increased also if the instruc. 
tor will eliminate any possible impres. 
sion that he considers himself infallj- 
ble. He isn’t, and shouldn’t pretend, 
Negative general expressions are 
also bad. A particular instructor at 
one of our large state universities 
often complained to his students about 
the course he was teaching, his de. 
partment, his college, and his univer. 
sity. To students’ questions about why 
he stayed on, he replied, “I can make 
more money here than any place else.” 
Such an attitude is not in any sense 
constructive. It can never lead to de- 
velopment nor improvement of the in- 
instructional staff, the students, or the 
university. This is typical of the types 
of things other than aptitudes which 
are important for teaching, and typi- 
fies wrong attitudes as well. 

Attitudes toward courses include 
also the so-called humanistic-social 
subjects. Actually we need universal 
acceptance of the principle that “edu- 
cation” implies much more than nar- 
row specialization of training. By the 
same token, success of cultural in- 
struction depends to a large measure 
upon firm and constant support for 
professional faculties. Books could be 
written about just this last sentence. 
To illustrate, a boy and his father 
took the same course from the same 
professor at times separated by 4 
whole generation. Curiosity prompted 
them to compare their notes. They 
were amazed and the father undoubt- 





Apr., 1958 APTITUDES AND ATTITUDES 
edly chagrined to find the notes were 
practically duplicates, and that the 
same stories were told in the same 
spots in the lecture. In this field of 
engineering teaching there is no place 
for re-hashed lectures and warmed- 
over presentations. There are too 
many current items of interest that 
can and should be correlated into a 
presentation. The professor worthy of 
his hire should be able to add many 
personal-interest items based on his 
own experiences in research, consulta- 
tion, or industrial applications. Fur- 
ther than that, he should have the 
intestinal fortitude to say “I don't 
know” at the proper time but not stop 
there. He must follow it up at a later 
date, if necessary, with proper com- 
ments and explanations. 

In creating right attitudes much can 
be done too, by encouragement of 
cross-interest student groups. Where 
students see cross-interest faculty 
groups they soon realize that the 
faculty has other interests and other 
abilities than their own field of spe- 
cialization. Emulation is inevitable. 
And yet an engineering instructor 
said to me in confidence recently, “I 
don’t let it be known among other 
engineers, but I really like good music 
and art. I even like good poetry and 
literature.” What a tragedy that he 
kept that interest so well hidden! He 
should be proud of it! 


As An Individual 


Our discussion of attitudes as an 
individual will be limited to those to- 
ward supervisors and associates and 
to those toward students. Here again 
the comments will be suggestive only, 
not all-inclusive. 

One of the most difficult tasks that 
4 supervisor, department head, or 
dean faces is finding a person willing 
to accept responsibilities. Everyone is 
teady to gather the acclaim and re- 
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wards, but few are willing to “stick 
their necks out.” Some are not even 
willing to give or accept suggestions. 
Oddly enough this is too common 
among engineers whose very name 
implies ingenuity—an ability and a 
willingness to think. We must remem- 
ber that ability to think is what we 
are supposed to be teaching. 

Personal grudges, too, will often 
replace the cooperation which is a 
prime prerequisite to success of a 
group. Much can be done in this area 
by selecting personnel on a com- 
patibility basis. This I cannot prove 
except by observing results, but in one 
department I am sure the head selects 
his staff to a large degree on the basis 
of how well they will get along with 
each other. As a result that depart- 
ment has an outstanding record of 
cooperation and loyalty that is the 
envy of all those looking on. Not in- 
cidentally, either, the students recog- 
nize this spirit and react in kind. 

Finally, without too much elabora- 
tion we can mention a few of the 
things by which the instructional staff 
can convey to their students a real 
manifestation of genuinely good at- 
titudes: 


1. We must try to accept students 
as human beings with human emo- 
tions, ambitions, weaknesses and in- 
terests. 


2. We must develop an ability to 
listen sympathetically and talk intel- 
ligently to students about their in- 
terests as well as their problems. 

3. While it is neither necessary or 
right that an instructor should try to 
“high-hat” his students, neither should 
he try to be “one of the boys.” Either 
extreme can lead to dangerous com- 
plications. 

4. We must emphasize fairness and 
consistency in procedures without be- 
ing tied to a strict routine. 

5. Finally, we must develop an 
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ability in students to think, and not —_petence they must have the best 





limit that development to the ex- curriculum that can be devised with 
amination period. which they can work. Further sti]} 

All persons who willingly assume they need to develop attitudes, insofar 
the responsibility of a teaching career as they possibly can, that would do 
need to prove themselves profession- _ credit to Solomon in all his magnif. 
ally competent. Beyond that com- cent wisdom. 





SUMMER PROGRAM ON 
TECHNICAL EDITING 


A special summer program in Editing Technical Reports will 
be conducted at the Massachusetts Institute of Technology during 
the two weeks of September 2 to 12, 1958. Sponsored by the MIT 
Department of Humanities, the program is designed for technical 
supervisors who guide engineers and scientists engaged in technical 
writing, and professional editors who process formal reports for 
research, engineering, or development organizations. 

The philosophy behind this program is that the technical editor 
must be a teacher as well as a writer, a psychologist as well as a 
critic. Comprising lectures, workshop, and seminars, the program 
will review practical editing procedures, analyze problems asso- 
ciated with writing clear, effective reports, provide supervised edit- 
ing experience, and discuss problems of administration, training and 

















report production. 
Detailed information on this program can be obtained from 
Professor Robert R. Rathbone, Department of Humanities, MIT, 

Cambridge, Massachusetts. 
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AN INTEGRATED CURRICULUM 
IN SANITARY ENGINEERING 


As a result of man’s growing con- 
cen with his environment, sanitary 
engineering is expanding in many di- 
rections. Whereas, but a few years 
ago, sanitary engineering embodied 
only water supply and excreta dis- 
posal, it now includes water pollution, 
air pollution, industrial waste treat- 
ment, radiological health, and na- 
tional and international public health 
engineering. Each year, therefore, 
additional responsibilities are assumed 
by the profession. 

Curricula in sanitary engineering 
have reflected this expansion. Twenty 
years ago accepted programs consisted 
of courses in water supply, sewerage, 
water and sewage analyses, and per- 
haps one in public health engineering. 
As the field of sanitary engineering be- 
came broader, additional courses were 
added, each covering basic theory, 
analysis, and design. 

In consequence, the construction of 
what now might be considered a typ- 
ical curriculum has the shape of an 
inverted pyramid, more or less similar 
to that illustrated in Figure 1 below. 
The courses at the bottom of the 
pyramid are usually prerequisites to 
those above. Sewage Analyses, Water 
Analyses, and Public Health Engineer- 
ing may or may not be part of an 
undergraduate option in Sanitary En- 
gineering. 

Several weaknesses are inherent in 
curricula of this nature. First of all, 
there is considerable duplication of 
course content. For example, sedi- 
mentation plays an important role in 
sewage treatment, water treatment, 
industrial waste treatment, and_ air 
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pollution. Consequently, sedimenta- 
tion is covered in four separate courses, 
consuming time that could be spent to 
better advantage on the study of addi- 
tional processes. Similar duplication 
is found in connection with the teach- 
ing of other processes basic to sanitary 
engineering. 

The great number of courses con- 
stituting such curricula offers certain 
disadvantages. Finding it impossible 
to take all the courses in the 9 to 12 
months normally allotted to the Master 
of Science program, the student must 
elect a specialty either in sewage and 
industrial waste treatment, water sup- 
ply, air pollution, or in some other 
area of sanitary engineering. Not 
only is the specialist limited as to 
initial employment opportunities, but 
often he lacks the flexibility 
needed to grasp new _ technology. 
Furthermore, staff requirements in 
connection with a bulky curriculum 
are heavy. Where staff is limited, the 
only alternative to offering the courses 
regularly is to offer them infrequently, 
a procedure which reduces enrollment 
and, in general, weakens the graduate 
program of instruction. 


also 


Creative Graduates Needed 


Perhaps the most serious indict- 
ment against contemporary curricula 
is not related to duplication or bulk, 
but rather to the emphasis placed on 
methods and practice. With a few 
notable exceptions, textbooks and 
course instruction continue to stress 
the empirical approach to design. 
Although other branches of engineer- 
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ing have made commendable progress 
in turning out creative engineers, 
those in sanitary engineering are in 
general still producing the handbook 
variety, a situation which imposes a 
serious handicap on the sanitary en- 
gineering profession. 

The weaknesses outlined above 
have caused major concern among or- 
ganizations employing sanitary engi- 
neers. As a_ result, considerable 
thought is currently being directed 
toward strengthening sanitary engi- 
neering curricula. Although there is 
lack of agreement as to just what spe- 
cific changes should be made, it is 
generally agreed that greater empha- 
sis should be placed on basic prin- 
ciples. Some schools are attempting 
to strengthen their curricula either by 
instituting one or two new courses or 
by making limited modifications in 
existing ones. A very few other 
schools, one of which is the Illinois 
Institute of Technology, have taken 
stronger measures toward this end. 

The Illinois Institute of Technology 
has discarded the pyramid type of 
curriculum and, in its place, has 
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adopted a totally new and different 
type of program. Diagramm: atically, 
the courses constituting the core of 
the new curriculum appear in fig, 2, 

The undergraduate sanitary engj. 
neering will ultimately consist of 9 tp 
12 semester credit hours course work 
of a nature usually required of those 
taking a sanitary option in civil engj. 
neering. These courses should pro- 
vide a gener ral orientation to Sanitary 
engineering and serve as a foundation 
on which strong graduate work can 
be developed. 

The four courses labeled Sanitary 
Sciences, Sanitary Engineering Analy- 
ses, Unit Operations and Processes jn 
Sanitary Engineering, and Design of 
Sanitary Treatment Processes are to 
be taught at the graduate level, 
These courses, each carrying 4 semes- 
ter credit hours, will have the follow- 
ing composition: 


Sanitary Sciences—A lecture course 
covering those principles of inorganic 
chemistry, physical chemistry, organic 
chemistry, biochemistry, nuclear phys- 
ics, and biological decomposition 
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which are basic to sanitary engineer- 
ing analyses. 

Sanitary Engineering Analyses—A 
lecture and laboratory course empha- 
sizing the derivation and analysis of 
data for use in rational design. Pre- 
requisite: Sanitary Sciences. 

Unit Operations and Processes in 
Sanitary Engineering—A lecture course 
covering the rational design of the 
unit operations and unit processes em- 
ployed in sanitary engineering. 

Design of Sanitary Engineering 
Processes—A lecture and design lab- 
oratory course dealing with the ap- 
plication of unit operations and proc- 
esses to the design of the over-all 
treatment processes. Prerequisites: 
Unit Operations and Processes. 


A thesis based on laboratory re- 
search and such extradepartmental 
courses as Bacteriology and Statistics 
will fill out the normal Master of Sci- 
ence program. 


Differences 
The curriculum outlined above dif- 
fers from the typical one in several 


Proposed graduate curriculum in Sanitary Engineering. 


respects. First, treatment processes 
are broken down into unit operations 
and processes. By so doing, duplica- 
tion of material is avoided and more 
time is available to cover other opera- 
tions and processes ordinarily not 
considered. This approach has been 
employed in chemical engineering 
education for several years with con- 
siderable success. Having had unit 
operations and processes, the student 
is then able to handle a much wider 
variety of problems in the treatment- 
process design course. 

Second, analysis and design are 
taught in separate courses. Fre- 
quently, persons with backgrounds in 
chemistry and biology wish to obtain 
preparation in the analytical phases of 
sanitary engineering. When such is 
the case, they usually have no alterna- 
tive but to enroll in courses in which 
design also is taught, a situation which 
may discourage and handicap the non- 
engineer. Under the proposed pro- 
gram, however, the non-engineer can 
select a course in which analysis only 
is taught. 
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Third, fewer separate courses are 
required. The student has an op- 
portunity to cover the whole field of 
sanitary engineering, perhaps not in 
detail, but at least in terms of funda- 
mentals. Specific techniques can be 
learned as he practices his profession. 
Finally, staff demands created by this 
type of program are relatively light. 

Even an integrated curriculum may 
still fail to accomplish the objectives 
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of the advantages offered by employ. 
ing a structural rather than a fune. 
tional treatment of subject matter, the 
success of such a program will de. 
pend primarily upon where the em. 
phasis is placed. Consequently, every 
opportunity must be taken to stress 
principles rather than practice. It jg 
believed, however, that this emphasis, 
in conjunction with the type of cur. 
riculum described above, will produce 


for which it was devised. Regardless truly creative sanitary engineers, 





INTENSIVE COURSE IN AUTOMATIC CONTROL 


The University of Michigan College of Engineering has an- 
nounced a summer Intensive Course in Automatic Control scheduled 
for June 16 to 25, 1958, inclusive. The course is intended for engi- 
neers who wish to obtain a basic understanding of the field, but who 
The aim of 


cannot spare more than a few days for this purpose. 
the course is to make the subject matter easy to learn by a coherent 
presentation in class of the fundamentals of modern automatic 
control, and by providing a comprehensive set of notes which will 
serve as a framework for further study. 

The course is built around the principles and application of 


measurement, communication, and control. The material will 
begin with the fundamentals in each of these fields and will include 
some basic work in nonlinear systems. This will be followed by 
applications of the fundamentals to more advanced problems. 
There will be four hours of lecture each morning and three hours 
of laboratory demonstration in the afternoon. Extensive use will 
be made of computing, instrumentation, and servo laboratories on 
the campus. The role of analog computing methods will be empha- 
sized. This course has been given in the summers since 1953. 

Though April 15 is the closing date for registration, further 
information may be obtained by writing to Professor L. L. Rauch, 
Room 1525 B, East Engineering Building, University of Michigan, 
Ann Arbor, Michigan. 











Ralph A. Morgen 


Dr. RatpH A. Morcen, Vice Presi- 
dent of ASEE for the Engineering 
College Administrative Council, is Di- 
rector of the Purdue Research Foun- 
dation, Lafayette, Indiana. He joined 
ASEE in 1938 when he first accepted 
a professorship in chemical engineer- 
ing at the University of Florida. 
Formerly he had held various engi- 
neering, research, and management 
positions in industry. 

A graduate of the University of 
California, Berkeley, Dr. Morgen re- 
ceived his Ph.D. there in 1926. His 
career has included directorships of 
the Engineering and Industrial Ex- 
periment Station of the University of 
Florida, and of Engineering Science 
programs for the National Science 
Foundation. During World War II 
he served as a civilian administrator 

B with the Office of Science Research 
f and Development, the USAF, and the 
Office of Production Research and 
Development. 
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KNOW YOUR ASEE OFFICERS 


Ropert W. Van Houten, ASEE 
Vice President for East Sections, is 
President of the Newark College of 
Engineering and Director of the 
Newark Technical School. His dis- 
tinguished career in engineering edu- 
cation has been marked by the con- 
ferral of three honorary degrees of 
Doctor of Science and Engineering. 

A member of ASEE since 1933 
when he was an instructor at Newark 
Dr. Van Houten has served on the 
General Council and on more than 
half a dozen Society committees. H¢ 
is also affiliated with nearly forty 
business, professional, and welfare or- 
ganizations. Among these are the 
American Council on Education, the 
American Society of Civil Engineers 


the Association of Urban Universities, 
the New Jersey Association of Col 
leges and Universities, the New Jersey 
State Department of Education, and 
the New Jersey Society of Professional 
Engineers and Land Surveyors. 











ASEE OFFERS HELP 






One of the better ways to steer prospective engineering students 
into engineering is to tell high school teachers more about the engi- 
neering profession. The story must be told, however, so that it is 
interesting to high school teachers who are concerned with the sci- 
ences, whether physical, biological, or engineering. 

Because the National Science Foundation is sponsoring more 
than 100 summer institutes for secondary school teachers during 
1958, these programs seem to offer the best chance of meeting those 
teachers who are interested in knowing more about the sciences 
and engineering. With this possibility in mind, through the coopera- 
tion of the ECAC Committee on Selection and Guidance, under the 
chairmanship of Mr. A. R. Hellwarth, and the counterpart commit- 
tee in ECPD, under the chairmanship of Mr. L. G. Smith, an invita- 
tion and offer of assistance is being sent to each of the directors of 
these National Science Foundation Institutes. The letter is re- 
printed below: 

















Dear Professor ————. 





This proposal is being addressed to each of the Directors of the 
National Science Foundation Institutes for teachers in the fields of 
science and mathematics. It is a united effort of two organizations: 
the Engineers’ Council for Professional Development, and the 
American Society for Engineering Education, both of which are 
vitally interested in the subject of vocational guidance and career 
planning at the high school level. 

Our proposal to you is to consider in the planning of your Insti- 
tute program a discussion that would relate to guidance. While 
teachers generally are not directly responsible for counseling, they 
will frequently have opportunities to provide vocational information 
to a class or to an individual student, both in the process of teaching 
and through day-to-day contacts with students. In fact, we in the 
profession of engineering believe that teachers of chemistry, physics, 
and mathematics are in a more favorable position to provide voca- 
tional information on engineering than are some other people who 


















FOURTH ANNUAL AUTOMATION SEMINAR 
THE PENNSYLVANIA STATE UNIVERSITY 


June 9-13, 1958 


Theme: “Cost Reduction Through Automation” 







Contact Chester Linsky, Charge of Automation, 
The Pennsylvania State University, 
University Park, Pennsylvania 
for further details. 
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AT THE HIGH SCHOOL LEVEL 


have professional qualifications in guidance, but not as much back- 
ground in subject matter or knowledge of opportunities in the pro- 
fession and in industry. With this in mind, we hope that our 
proposal will provide additional background and help to the 
members of your Institute. 

A trial program was conducted in 1957, cooperatively arranged 
between Western Michigan University and Mr. Gilbert P. O’Con- 
nell, State Chairman of Guidance work in Michigan for Engineers’ 
Council for Professional Development. During one day of the 
Institute, an opportunity was arranged to visit an engineering lab- 
oratory, to see engineering and scientific personnel at work, to discuss 
questions related to guidance, and to learn about resources in the 
way of materials and speakers for high school student groups. 

The type of program that you might plan along this line would 
depend on a number of factors, including the amount of time that 
you can devote to the subject, and to the resources available in your 
community. You may be able to enlist the aid of the engineering 
college at your campus (if there is one) or of one nearby. If not, 
a service is available to you through the Guidance Committee of 
Engineers Council for Professional Development. If you are in- 
terested, we invite you to write to Mr. L. G. Smith, National Chair- 
man (address below). Mr. Smith will direct your inquiry to some- 
one locally who can help you. 


Sincerely yours, 


R. A. Morcen, Vice President E.C.A.C. 
American Society for Engineering 
Education 


copy to: L. G. Smith. E.C.P.D. 
Consolidated Gas Electric Light & Power Co. 
Baltimore 3, Maryland 





66th ANNUAL MEETING OF ASEE 
JUNE 16-20, 1958 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


An article entitled “In and Around the College of Engineering 
at Berkevey” will apear in the May issue of the Journal. 
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REPORT OF THE COMMITTEE ON RECOGNITION 
AND INCENTIVES FOR GOOD TEACHING 


Summary of the Report 


The origin of motivation and incen- 
tives for good teaching must spring 
from the same human drives and com- 
pensations which motivate all profes- 
sional people. Teachers in our engi- 
neering schools deserve and expect 
opportunity, prestige and remunera- 
tion equivalent to that available from 
alternative professional services which 
they might render. Full implementa- 
tion of these basic elements of motiva- 
tion establishes teaching as a respected 
profession in our society. 

Responsibility for good teaching 
must be shared with the teacher by 
college administration. The latter has 
an obligation to delineate specific 
teaching objectives and related meth- 
ods for the college which are designed 
to advance the maturity of the student 
most effectively. The teacher's re- 
sponsibility is discharged when he 
provides the most effective experi- 
ences for his students to advance their 
maturity and develop their creative 
potential within the objectives of the 
college. 

Useful evaluation of good teaching 
can be made when specific objectives 
are defined and reasonable gradations 
on the evaluation scale are attempted. 
When acquired evidence is limited to 
that which the source can supply with 
reliability, significant evaluation of a 
teacher's accomplishments can be ob- 
tained from administrators, colleagues, 
students, and from the students’ work. 
Data from these sources will definitely 
identify extremely poor teaching situa- 
tions, but a question of justice will 
certainly be raised if an attempt is 
made to extend these data to reliably 


ASEE 65th Annual Meeting 
Cornell University, June, 1957 


identify the only five teachers of , 
hundred who are to be recognized 
and rewarded for effective teaching, 
Sensitivity of evaluation from avail. 
able data is nevertheless adequate, 
since a great majority of teachers 
should be credited with good teach. 
ing and should be recognized and 
compensated. 

Importance of the teaching func. 
tion would be placed in better per- 
spective by creation of a_ national 
award to recognize only excellence in 
engineering teaching, or contribution 
to teaching methods, rather than ad- 
ministration, research, and other non- 
teaching activities. Institutional recog. 
nition of good teaching is intimatel 
related to assuring adequate opportv- 
nity, prestige and remuneration to the 
teacher. Recognition through award 
of honorary professorships and finan- 
cial support of teachers attending pro- 
fessional society meetings are samples 
of appreciated recognition 

A determined application by engi- 
neering colleges of procedures found 
successful for improving the status 
of the teacher will provide recogni- 
tion and incentives required for good 
teaching. 


Committee Study of Recognition 
and Incentives 


Introduction: The Committee on 
Recognition and Incentives for Good 
Teaching of the American Society for 
Engineering Education was appointed 
in 1952 by President Woolrich 
Growth of sponsored scientific and 
technological research within eng: 
neering colleges, and an increasing 
demand for college staff to serve 
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industrial and government consultants, 
had enhanced the prestige of these ac- 
tivities relative to the teaching func- 
tion. Educational leaders in ASEE 
recognized existence of a long-term 
trend which elevated rewards to col- 
lege staff from research activity above 
those obtainable through devotion to 
teaching. The Committee on Recog- 
nition and Incentives for Good Teach- 
ing was created to investigate prac- 
tices for providing recognition and in- 
centives, and to stimulate preservation 
in proper perspective of the primary 
function of our engineering colleges. 

Surveys: A survey, including com- 
mittee members and other volunteers, 
immediately confirmed that the con- 
cern of ASEE officers for the relative 
prestige of the teaching function was 
essentially universal among educators. 
Correspondence left no doubt that 
educators could be emphatic in plac- 
ing importance of the teaching func- 
tion far above any other associated 
tivity. Through contacts estab- 
lished by the large committee mem- 
bership, data were collected on prac- 
tices for recognizing and rewarding 
good teaching. Educator’s reactions 
and accumulated data seemed to form 
discernable patterns, and confirmation 
of some of these was sought through 
a survey of deans of all ASEE mem- 
ber institutions. Plans for extending 
committee activity to regional and in- 
stititional committees have not been 
implemented because the wisdom of 
seeking manpower and modest funds 
for this purpose is not universally con- 
ceded. 

Publications: A preliminary report 
of the Committee on Recognition and 
Incentives for Good Teaching, titled 
‘Recognizing and Rewarding Good 
Teaching” was presented by R. W. 
Schmelzer at a general session of the 
1954 Annual ASEE Meeting. This re- 
port was published in the October 
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1954 JoURNAL OF ENGINEERING Epuca- 
TION. A “Report on Survey Con- 
ducted by Committee on Recognition 
and Incentives for Good Teaching” 
was presented for Harry W. Case at 
the 1955 Annual ASEE Meeting and 
published in the September 1955 Jour- 
nal. In the October 1955 Journal a 
paper appeared by L. H. Johnson, 
“Ways to Improve the Status of the 
Good Teacher,” which was also pre- 
sented at the 1955 Annual Meeting. 
Institutional and regional reports 
made by members of the Committee 
were reproduced only in mimeograph 
form and are not generally available. 


Basis of Motivation and Incentives 


Reference to ASEE publications re- 
veals much concern for the scope and 
detail of the engineering student's 
competence and knowledge. His 
teacher's personality, erudition, indus- 
trial experience, and class conduct are 
repeatedly and minutely scrutinized 
One might expect to discover equal 
treatment of the human needs, drives 
and compensations which cause both 
student and teacher to fulfill his mis- 
sion, but there appears to be little 
direct coordination expressed between 
these vital elements and stated objec- 
tives. This degree of neglect would 
be difficult to accept in an area where 
human attributes are as important as 
in the learning process if the same 
degree of neglect had not been evi- 
dent in industry. However, recent la- 
bor demands in a competitive market 
have caused industrial leaders to rec- 
ognize all types of human drives, in- 
cluding those with most powerful in- 
fluence on professional people. The 
educational world must show similar 
consideration if an adequate teaching 
staff is to be maintained. 

Opportunity: Recognition by indus 
try of the importance of human drives 
and rewards other than financial is 





indicated by C. H. Linder’s® classifica- 
tion of obligations of business to the 
employees as: 


1. “An opportunity to do good 
work. 

2. Good facilities. 

3. An appropriate reward for good 
performance in the form of compensa- 
tion, recognition, and work security.” 


There is abundant evidence that col- 
lege administrators have also recog- 
nized the importance of assuring their 
staff that their college provides op- 
portunity through program and facil- 
ities. Possibly this has been so axio- 
matic of college purpose that a rela- 
tive neglect has been engendered 
which has left the college at a dis- 
advantage in a situation where ac- 
celerated development of social rela- 
tions has occurred. Certainly there 
exists widespread concern that oppor- 
tunity for individual’s growth and re- 
ward through teaching shall equal the 
measure of success applied by our 
present social order. 

Staff Evaluation of Opportunity: 
The teacher’s evaluation of oppor- 
tunity is similar to that of other pro- 
fessional people. The teacher's faith 
requires support by discernable evi- 
dence that his future and that of his 
family will contain desired values. 
The characteristic promise sought by 
a teacher is: 


1. Opportunity to work toward 
known educational objectives. These 
must be declared by his college in 
sufficient detail to permit the teacher 
to plan and evaluate effectively. 

2. Opportunity to work with com- 
petent students whose objectives are 
sincerely in accord with those of the 
college. 

* “Obligations of Engineering Manage- 


ment in a Large Decentralized Company.” 
C. H. Linder, Electrical Engineering, Dec. 


1955. 
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3. Opportunity to work with ade. 
quate classroom, laboratory and jj. 
brary facilities in suitable surround. 
ings. 

4. Opportunity to improve teaching 
conditions encountered in his work by 
direct experiment or by recommend. 
ing related investigation and action, 

5. Opportunity to belong, and to 
share in planning the program with 
confidence that his contribution js 
valued. 

6. Opportunity to contribute to his 
profession in education, science, engi- 
neering or the humanities with con. 
fidence that the college applauds his 
activity. 

7. Opportunity to work with con- 
genial and respected colleagues, 

8. Opportunity for the self-develop- 
ment particularly valued by young 
men. 

9. Opportunity for the teacher and 
his family to live a full and enjoyable 


life. 


Administration's Responsibility for 
Opportunity: Responsibility for seek- 
ing opportunity has often been con- 
ceived to belong solely to the individ- 
ual who might profit. This concept is 
not in accord with theory and prac- 
tice of modern management. Alert 
management is conscious that its fail- 
ure to adequately define objectives, 
and its denial of the challenge of 
progress, may rob creative individuals 
of the opportunity to achieve their 
potential. A challenge exists for col: 
lege administration to provide equal 
recognition of the true professional 
character of the teacher and to insure 
that opportunity exists for him to 
function creatively in his professional 
capacity. This opportunity can be 
achieved only in an atmosphere 0 
creative activity where the attitude 0 
administration is to fully recognize 
problems and to seek a cause for 
creating teams through which indi 
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viduals can attack the problems and 
contribute to progress. These activ- 
ities must extend to all levels, and for 
all interested and creative individuals 
constitute an invitation. 

Opportunity Through Organization: 
Management has recognized that the 
objective of creating opportunity 
through personnel organization is as 
important as the necessity to dispose 
of administrative chores. There are 
abundant problems in education to 
challenge personnel on all levels. An 
alert administration will not reserve 
study of these problems for top ad- 
ministrative officers—who seldom find 
time for study—but will delegate au- 
thority to as many members of their 
professional staff as possible. Teach- 
ers are thus assured of an opportunity 
for assuming responsibility, for de- 
veloping their interests in education, 
for winning recognition, and for 
achieving prestige through a title as- 
sociated with the task assignment. 

Methods presently applied to engi- 
neering college instruction appear to 
some observers to have progressed lit- 
tle beyond the traditional methods ap- 
plied to general education at the be- 
ginning of the century. Whether or 
not the college teaching profession 
has this amount of back work to do, 
there are certainly enough educational 
problems requiring continuous work 
to fully absorb all available personnel. 
A coordinating committee of the fac- 
ulty can spawn fully justifiable com- 
mittees to which some staff members 
are assigned partly as learners and to 
which others are assigned as experts. 
Most committees, or tangential sub- 
committees, can be restricted to a few 
members so individual task assign- 
ments are spread widely to encourage 
initiative and creativity. When teach- 
ers are denied opportunity for creative 
contribution to education there is dan- 
ger that their talents will be diverted 
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to an area where they are not so 
critically needed. 

A curriculum committee may be 
chosen to illustrate continuing respon- 
sibility beyond an initial stipulation 
of class subject hours and subject 
titles. A need exists to continually 
scrutinize objectives, content, meth- 
ods, and evaluation of each course, 
since it is truly a research project op- 
erating on the most valuable and 
variable of products. Although there 
may be instructional and evaluation 
committees responsible for details of 
implementation, the curriculum com- 
mittee has an obligation to be watch- 
ful of implementation and to deter- 
mine when requirements for coordina- 
tion demand modification of the com- 
mittee’s work. Like other committees, 
it has an obligation to welcome writ- 
ten recommendations from all teach- 
ers and to respond with a sincere 
spirit of inquiry. 

Unfavorable reaction to committees 
as implements for discharging execu- 
tive, development, or study functions 
stems from administrative failures and 
abuses in utilizing committees. Un- 
der effective administration duties of 
personnel are prescribed for specific 
tasks to be accomplished, and com- 
mittee progress or assignment of per- 
sonnel is periodically reviewed for re- 
assignment or for termination. Vague 
committee assignments made without 
time limitation, and particularly with- 
out serious expectation or provision 
for resulting action, have understand- 
ably led to adverse reactions toward 
proliferation of ineffective committees 
which waste everyone’s time. 

Student-faculty relations constitute 
an area where much opportunity can 
be created through organization. Stu- 
dents and faculty are involved in a 
continuing learning process which in- 
cludes educational problems and the 
whole life of the college. Much bene- 
fit can be derived from joint student- 
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faculty study where policy decisions 
are to be made. When all considera- 
tions have been reviewed, necessary 
compromises win support until prob- 
lems can be solved. The process con- 
tributes to growth of students and 
teachers. 

Organization of groups to study the 
integration of student or faculty life 
in the college community can develop 
creative opportunities which lead to 
improved morale and greater achieve- 
ment. These activities should not be 
left wholly to specialists, although the 
latter may guide study groups. Ad- 
justment of new faculty members and 
students to the objectives and life of 
the college is a valuable and reward- 
ing opportunity for staff members 
who seek this participation. 

Offending distinction between the 
value of services rendered the col- 
lege must be avoided if opportunity 
is to be fully developed through or- 
ganization. The same levels of serv- 
ice should be available to teachers 
and should be valued equally in un- 
dergraduate, graduate, and research 
responsibilities. 

Prestige: Much of the reward and 
personal satisfaction of a professional 
person must be derived through social 
consciousness. Individuals do not 
seek the degree of discipline and re- 
sponsibility imposed by a profession 
unless they are strongly dedicated to 
service. This dedication does not ap- 
pear rational unless the contribution 
is matched by public esteem. If 
teachers are to have the necessary 
personal conviction of the worth of 
their activities, the teaching function 
must be generally respected. 

Respect for the teaching function 
has unquestionably been damaged by 
attempts within elementary, second- 
ary, and higher education to win dis- 
tinction through disproportionate em- 
phasis on things other than the qual- 
itv of teaching and learning. Cam- 
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paigns to acquire research facilities 
and to expand the college plant haye 
required publicity tending to focus at. 
tention on facilities. Justifiable pride 
in accomplishments of research and 
growth of the graduate schools has 
distracted public interest from the 
teacher. A resulting tendency has de. 
veloped to restrict criteria for esteem 
to a teacher's activity in the graduate 
school or in research, and to exclude 
respect for good teaching. Prestige 
and dignity of the teaching function 
requires elevations within and with. 
out the educational fraternity, 
The stature which a teacher derives 
from association with others in his 
profession is determined by the re. 
spect in which the group is held, 
Wherever a college creates an at- 
mosphere of high regard for its teach- 
ers, dedicated and loyal personnel 
are attracted. Teachers seek and de- 
serve recognition as professional peo- 
ple. A professional atmosphere is 
fostered when the college is careful 
to view its relations with the teacher 
as though derived from a contract for 
valuable services, rather than from 
employment to handle a_ required 
number of students for stipulated 
hours. Professional people treated as 
impersonal mass means to production 
feel the same forces which have 
turned other employee groups to col- 
lective bargaining to protect their hu- 
man needs. Teachers must never be 
forced to turn reluctantly to alterna- 
tive employment which recognizes 
their needs and protects their profes 
sional status and _self-determination. 
Association with an enterprise 0! 
distinction is small reward unless the 
individual is accepted as a vital patt 
of the group. To develop a sense 0 
belonging, the professional person Ie 
quires a degree of identification with 
administration. The college a 
achieve this by assuring at least one 
direct two-way channel of commull 
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cation between each teacher and 
higher administration than his im- 
mediate department head. Commu- 
nication is extended to the greatest 
number of teachers through genuinely 
useful committee assignments, which 
should involve any teacher who does 
not report as an individual on areas 
where he may be expert. It is im- 
portant to individual prestige that 
chanels be open to every teacher for 
expression of his views on college 
policies without reprisal and with 
knowledge that his recommendations 
are welcome. 

In a group of professional people a 
large degree of horizontal organiza- 
tion is required and a vertical heirachy 
must be avoided. Although honor 
and respect may constitute a reward 
when derived from rank and title, the 
latter should not be construed to en- 
dow privilege except as privilege is 
generated by duty and service. Re- 
sentment is certain to be strong when 
communication is so attenuated that 
clear explanations of top administra- 
tive planning reach those who must 
execute the plans belatedly, if at all. 
Among teachers developing an educa- 
tional program, progress is greatest 
when equal participation is not re- 
stricted by rank, whether administra- 
tive, professional, or of 
degree. 


academic 


Recognition of professional status 
through administrative organization 
and award of titles achieves a satisfy- 
ing level of individual prestige only 
when accompanied by commensurate 
working conditions. Although teach- 
ers are generally pleased to assist the 
cause of education by performing a 
reasonable number of subprofessional 
chores, a wise administration will re- 
strict these to a minimum. When as- 
sigaments must be made to non-crea- 
tive committee work because there are 
hot adequate administrative offices to 
discharge the work, administrators 
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should be careful that acknowledge- 
ment of the sub-professional nature of 
the services and appreciation for per- 
formance are conveyed to the teacher 
so his prestige will not suffer. 

Good teaching achieved under poor 
working conditions must be at the ex- 
pense of individual prestige. The 
teacher should expect allocation to 
him of a suitable office, and adequate 
secretarial assistance should be avail- 
able. Suitable laboratory and library 
assistants can relieve the teacher from 
sub-professional chores. His expenses 
should be budgeted and his signature 
honored for all expenditures within 
the appropriation. 

Remuneration: Education in Amer- 
ica has traditionally been subsidized 
in part by withholding remuneration 
which the teacher has _ rightfully 
earned. The public has been con- 
scious that teacher’s salaries have not 
constituted a fair and just compensa- 
tion for services rendered. With the 
exception of a few periods such as 
the present, there have been enough 
scholars to staff our schools who had 
private resources, or who were suffi- 
ciently dedicated to ignore poverty. 
It is truly amazing that under the 
existing degree of this handicap edu- 
cation in America has attained such 
a high level. Nevertheless, its pos- 
sible accomplishment has most cer- 
tainly been curtailed by this attitude 
toward restricting motivation for good 
teaching. 

College Attitude: That much of the 
public resignation toward inadequate 
teacher’s salaries was not generated 
by the colleges is difficult to prove. 
Ambition to explore additional areas 
of educational service and to become 
big in student enrollment has led col- 
leges to stretch their finances and 
perpetuate the tradition of the thread- 
bare scholar. While the standard of 
living was rising about him, pro- 
foundly aided by his contribution, the 
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college teacher witnessed his relative 
financial status deteriorate and the 
total college budget grow with tre- 
mendous momentum. Incentive to 
devote a life to teaching has withered 
at the very time when critical need 
for teachers has developed. At no 
level is this more evident than at that 
of the part-time graduate teaching 
assistant who has traditionally been 
financially starved while the college 
was preparing him for teaching. This 
prospective teacher is now witness to 
a contradiction wherein the new grad- 
uate receives a salary in industry 
which is greater than that of many 
college teachers. 

Inequities: Colleges have naturally 
professed greatest respect for the 
scholar and teacher. He is offered as 
the fundamental proof of the emi- 
nence of the college. Nevertheless, 
colleges have followed the same in- 
consistent path as industry in forcing 
professional employees to accept sub- 
professional pay, or to become admin- 
istrators. There is little evidence that 
achievements of college administra- 
tors merit greater reward than can be 
attained by teachers. Incentive would 
restored to the teacher if colleges 
made it possible for him to receive 
compensation equal to that of the ad- 
ministrator to the highest salary 
levels. With improvement of pro- 
fessional compensation in industry, it 
has become critically important that 
disparity between the engineering 
teacher’s college salary and that avail- 
able to him elsewhere should become 
no greater. 


Good Teaching 


The broad objectives of engineering 
education and definitions of good 
teaching have been extensively in- 
vestigated. The ASEE Report of the 
Committee on Evaluation of Engi- 
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neering Education * summarizes the 
objectives by stating that: “Engineer. 
ing Education must contribute to the 
development of men who can face 
new and difficult engineering sitya- 
tions with imagination and compe- 
tence. Meeting such situations jp. 
variably involves both professional 
and social responsibilities.” This same 
Evaluation outlines the principles of 
learning from the ASEE Report of 
The Committee on Improvement of 
Teaching,**® which stressed “the im. 
portance of effective participation op 
the part of the learner; his motivation 
through the formulation of a goal: the 
clear definition of task assignments 
(preferably defined by the student 
himself); the evaluation of his prog- 
ress; and his repeated practice in ap. 
plication.” If to these definitions we 
add the explanation attributed to 
Aristotle that the objective of philos- 
ophy is “not knowledge but action,” 
elements of good teaching can be 
derived through a test of their prob- 
able contribution to preparation for 
action. 
Administration's Responsibility: Al- 
though final dependence for good 
teaching must rest on the teacher, re- 
sponsibility for effectiveness of his 
work must be shared by the adminis- 
tration. In many instances the indi- 
vidual teacher has had little influence 
in determining facilities available, size 
and quality of his classes, experience 
of his students, and concurrent actiy- 
ities of his students which determine 
their performance and morale. Fur 
thermore, the teacher may have had 
no voice in determining the pattern of 
objectives and approach to methods 
which has been established by ir 
structional administrators. Although 
the teacher may have much freedom 


* Journal of Engineering Education, Vol 
46, September 1955. , 

®® Journal of Engineering Education, Vol. 
43, September 1952. 
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to organize and administer his work 
within the area of the subject he 
teaches, he cannot be held responsible 
for deficiencies resulting from un- 
favorable teaching conditions beyond 
his control. Many good teachers may 
appear unsatisfactory in unfavorable 
situations. 

Few engineering colleges have ade- 
quately implemented studies of cor- 
relation between their instructional 
practices and adaptability of students. 
An in-process loss of half of the stu- 
dents admitted to college bears wit- 
Although other 
professional and liberal arts colleges 
have done no better, it is reasonable 
to expect colleges specializing in sci- 
ence and engineering to develop more 
commendable procedures. It has 
never been adequately demonstrated 
that the procedures through which in- 
process students are rejected are valid 
with respect to requirements of their 
subsequent college work, or with re- 
spect to the rate of growth required 
for their professional work. Design 
of the college curriculum, and meth- 
ods within it, to cause more than half 
of the students to fail to meet stand- 
ards of satisfactory performance has 
the complexion of a random operation 
detracting from respect for the whole 
college program. A teacher placed in 
a situation where half of his students 
are expected to be failures is handi- 
capped to the point of discourage- 
ment in applying good teaching meth- 
ods. Administrative procedures can 
certainly be devised which do not in- 
volve such a great economic loss, and 
which do not exact such a great price 
from the student and teacher. 

Only when teaching objectives and 
methods are defined for the college 
with sufficient detail to permit evalua- 
tion on each subject level, does the 
teacher have a basis for self-evalua- 
tion of good teaching. The college 
cannot expect to discover a means for 


ness to this neglect. 
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evaluating good teaching if no specific 
delineation of methods meaningful to 
objectives exists. 

Teacher's Responsibility: As a rep- 
resentative of the college in direct 
contact with the student, it is the 
teachers duty to interpret the col- 
lege’s objectives to the student and to 
report the student’s response to ad- 
ministration. Channels for this two- 
way communication are often inade- 
quately maintained. 

Specific illustrations of good teach- 
ing must be related to overall objec- 
tives of the college for developing 
maturity of the student and to the 
specific program devised. Educa- 
tional journals are the best source of 
illustrations applicable to specific sit- 
uations. It is safe to generalize to 
the extent of observing that the objec- 
tive of good teaching is not primarily 
to communicate knowledge, but to 
develop the intellectual and creative 
power of the student. A good teacher 
of engineers teaches students not only 
to read literature but to express and 
record for themselves the values de- 
rived, not only to study language but 
to recognize through application the 
power it conveys on them, not only to 
make mathematical manipulations but 
to express them as logic applied to the 
physical world, not only to learn the 
laws of science but to use them crea- 
tively, not only to learn engineering 
art but to develop facility in applying 
it to man’s problems. Thereby the 
effective teacher assists his students 
to develop potential to create the 
wealth of tomorrow from the riches 
of the past. 


Evaluation of Teaching 


Many attempts to evaluate good 
teaching quantitatively have encoun- 
tered difficulty because the basis for 
evaluation was so ambitiously broad 
that objectives of teaching could not 
be defined to produce criteria for 
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judging validity of the valuation in- 
strument. Much confusion has fol- 
lowed relative to possible validity of 
evaluation of teaching made by stu- 
dents, staff and administrators. There 
is no doubt that each of these groups 
can perform a reliable and valid 
evaluation to detect teaching which is 
far out of line with specified objec- 
tives or practice. If these specified 
items are adequate for the particular 
purpose, evaluation is not a difficult 
problem. However, no reliable in- 
strument has been devised to deter- 
mine which five teachers out of a 
hundred should receive rewards based 
on relative teaching improvement for 
which they alone are responsible. 
Everyone in contact with college 
education is aware that publicity cred- 
its a teacher’s administrative and non- 
teaching activities, and undergraduate 
teaching least of all, as the source of 
his distinction and reward. It is the 
duty of college administration to 


demonstrate that this distorted per- 
spective is not the basis for evaluating 
good teaching, although non-teaching 
activities may influence teaching. “To 
be effective in communicating with 


growing minds, the mind of the 
teacher must also continue to grow. 
Obviously anything which challenges 
the mind of the teacher, which causes 
him to work to the best of his ability 
in his chosen field, is not only desir- 
able but is a necessity if we accept the 
truth of the preceding statement. 
Here then is the real role of research, 
of publication, and consulting in the 
teaching-learning situation. All of 
these activities demand the best ef- 
forts of the teacher; they keep his 
mind razor sharp; enable him to 
stand as an equal among his peers 
and thus give him confidence and self- 
esteem; and they enable him to bring 
to the classroom a wealth of current 
illustrative material.” Students cer- 
tainly derive some of the inspiration 
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from their teachers which is required 
for them to undertake the self-learp. 
ing process. This inspiration may be 
drawn from the apparent cultural and 
social values and realism of student 
experiences which the teacher de. 
signs. Opportunity exists for these ey. 
periences to be enriched from the pro- 
fessional accomplishments, research 
and enthusiasm of the teacher, Tp 
the extent that stimulation of the sty. 
dent is realized from these sources 
they constitute a justifiable basis for 
reward as being significant to the 
teaching function. 

There has been some confusion jn 
evaluating a college on the basis of 
its teacher’s erudition rather than on 
that of its students. The assumption 
that non-teaching accomplishments 
are usually matched by equally dis- 
tinguished teaching may be ques- 
tioned. When emphasis on research 
proves to be non-conducive to good 
teaching, it should not be inferred that 
de-emphasis of research alone will 
produce good teaching. It is not u- 
reasonable to assume that a teacher 
should be an authority on teaching 
and that his profession should be con- 
sidered that of teaching. One might 
expect the teacher's most significant 
research to be in teaching, whether 
published or not. In many instances 
teaching may be considered as a con- 
tinuing research activity in itself 
Evidence of the value of this research 
should be discernible in the contribu- 
tion made by the teacher to maturity 
of his students. 

When a basis for 
sought, the teacher's erudition and 
non-teaching accomplishments may be 
so very commendable that consider- 
able care is required to assure that 
evaluation as a teacher is based on 
devotion to teaching and on the ef 
fectiveness of the teacher’s contribu- 
tion to growth of students. 


evaluation is 
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Evaluation by Administrators: When 
attempts are not made to measure 
small differences in equality of teach- 
ing, evaluation can be made by deans 
and department heads whose prin- 
cipal responsibility it is to recognize 
and reward good teaching. They can 
easily make arrangements to have all 
reports, course outlines and recom- 
mendations made by the teacher avail- 
able for inspection and record in his 
personnel file. An additional item of 
evidence which should be more uni- 
versally used is an annual report from 
each teacher on the problems encoun- 
tered in administering his classes and 
on action which he recommends. This 
report may be allowed to have a scope 
as broad as the whole life of the 
college. 

Evaluation by Colleagues: Intellec- 
tual competence of a teacher is under- 
standably judged with reasonable ac- 
curacy by his colleagues. Many of the 
qualities desirable in a teacher, but 
which do not insure good teaching, 
are evident from non-teaching activ- 
ities. Why colleagues can judge the 
quality of teaching is not so apparent. 
Nevertheless, poor teaching, like 
crime, is difficult to conceal. Fellow 
teachers in contact with a teacher’s 
students acquire a reliable impression 
of his extreme incompetence. In ab- 
sence of this degree of poor teaching, 
judgment by colleagues may be dis- 
torted by impressions of non-teaching 
achievements, and checking with other 
evidence is required to establish an 
indication of reliability. 

Evaluation by Students: The best 
opportunity to judge a teacher’s ad- 
ministration of his work is available 
to students in his classes. Unfor- 
tunately, they are not equally well in- 
formed of the objectives and con- 
comitant circumstances which are not 
under the teacher’s control. If stu- 


dents are asked to supply evidence on 
items which they can observe objec- 
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tively, a reliable indication of extreme 
conditions can be obtained. It is im- 
probable that without other controls 
student evaluation will be reliable for 
small gradations, or valid for over-all 
evaluation of good teaching. 

Evaluation by Examination of Stu- 
dents: To the extent that objectives of 
good teaching are measurable by ex- 
aminations, existence of good teach- 
ing can be determined. Colleges 
which have central testing services 
have records available which will 
quickly indicate when a very abnor- 
mal teaching situation has developed. 
Very little further study is required to 
predict whether poor teaching is re- 
sponsible for the condition observed. 
When measurements do not disclose 
deficiencies it must be assumed that 
those objectives measured are being 
met. In this respect, at least, teaching 
must be good. 

When the student’s work is intended 
to develop his maturity in areas where 
examinations cannot readily be de- 
vised to measure progress, the product 
of the student’s work can be made 
available as evidence. To the extent 
that the student grows by doing crea- 
tive work or being productive, the 
evidence of growth must appear in his 
work. Comparison of the product of 
all student’s work in a teacher’s class 
with controls from their previous 
classes will disclose whether experi- 
ences in the teacher's class are effec- 
tive. To derive the maximum infor- 
mation from this evaluation it is neces- 
sary to know exactly how the class 
was administered, but this detail is 
not required to detect teaching which 
is far out of line with objectives. 


Recognition 


The teacher’s fundamental human 
need for recognition is on the same 
level as that of other professional peo- 
ple. There is compelling necessity for 
recognition of the dignity and impor- 
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tance of the individual, which in turn 
requires a_ satisfying social status. 
The latter can be maintained only by 
remuneration for the teacher's serv- 
ices commensurate with his ability 
and professional contribution to so- 
ciety. Necessity exists for apprecia- 
tion that compensation must be di- 
rected toward critical support of 
morale and must not be determined 
from the minimum market price and 
extent of sacrifice the individual is 
prepared to make for his profession. 

Recognition of Outstanding Teach- 
ers: A valuable purpose is served by 
awards for distinguished service to 
engineering education which are com- 
parable to those which recognize en- 
gineering service to industry or to 
government. It is appropriate that 
some awards should recognize the 
broadest areas of contribution to 
teaching, research, publications, and 
administration, and that these awards 
should come naturally toward the 
close of a distinguished career to men 
who have become publicly known 
as administrators. The Lamme and 
James H. McGraw Awards of the 
ASEE are of this character. 

Awards which recognize outstand- 
ing contribution to the improvement 
of teaching, and devotion to teaching 
engineering students, assist in elevat- 
ing the prestige of the teacher. Cer- 
tainly those who have dedicated their 
lives to intimate implementation of 
the art of teaching merit acclaim as 
noble in its own way as that bestowed 
on distinguished administrators. A 
national award recognizing only ex- 
cellence in engineering teaching, with- 
out age restriction, will be a desirable 
addition to the George Westinghouse 
Award which recognizes achievement 
of young engineering teachers. 

Awards, which are not assignments 
to administrative offices, recognize 
faithful and commendable service to 
several engineering colleges. These 
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awards provide recognition similar to 
that of the national awards. Exten- 
sion of this recognition of an outstand. 
ing contributor to engineering educa. 
tion to include an appreciable number 
of successful teachers encounters dif. 
ficulties. In a large institution, exten. 
sion of outstanding awards becomes 
impractical because there are so many 
good teachers with a long period of 
devotion to teaching. A concept such 
as special named professorships is 
needed for recognition of good teach. 
ing on this level. Care must be ex. 
ercised to base these awards primarily 
on teaching excellence if teaching 
morale is to be stimulated. 

Recognition of Good Teaching: A 
large majority of the teachers in ep. 
gineering schools are uncommonly 
gifted and competent people. During 
most of their career, recognition must 
be inseparably associated with oppor- 
tunity, prestige and remuneration de- 
rived from the teaching function, 
Denial of significant aggregate recog- 
nition of the many small items con- 
tributing to these basic incentives 
causes personnel to move where the 
individual thinks he will be important 
and appreciated. 

Removal of employment specifica- 
tions, which may traditional but non- 
essential, constitutes an important step 
in creating rational criteria for recog- 
nition of good teaching. To the young 
man considering whether to enter or 
to remain in teaching, conditions 
which he must fulfill for recognition 
must not appear more encumbered 
with unrealistic requirements than 
job specifications for equal recogni- 
tion in alternative professional work 
Because a teacher has not obtained 
the traditional advanced academic de- 
grees, it is of questionable value to 
withhold a professorial title when 
characteristically good teaching his 
been demonstrated. Where the level 
of student instruction does not requite 
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preparation on an advanced broad 
technical level, there is little evidence 
to indicate that those holding ad- 
vanced degrees have performed more 
good teaching than teachers not hold- 
ing these degrees. Where attain- 
ment indicated by advanced degrees 
appears necessary, requirements for 
these degrees should be scrutinized to 
assure existence of a realistic relation 
to the function for which the require- 
ments are established. Appreciation 
of the importance of human traits in- 
volved in principles of learning may 
be more significant than specialized 
knowledge in the humanities. An 
understanding of how ability to be 
productive and creative is developed 
may be more important than special- 
ized knowledge on the frontiers of 
science. 

Good teaching by young men can 
be recognized by rewards in which 
rights have often been reserved for 
administrators. Institutional financ- 
ing of attendance at regional and na- 
tional ASEE meetings for interested 
young teachers, who can least afford 
the expenses, can be a very construc- 
tive recognition of the importance of 
teaching. Only in colleges where the 
teaching function has not received 
recognition will it be discovered that 
the young teachers have no interest in 
attending such meetings. Opportu- 
nities similar to those provided by 
ASEE meetings exist where financial 
implementation can be provided for 
teachers to represent the college or its 
committees at various levels of profes- 
sional societies. These opportunities 
for recognition will often be neglected 
unless the college administration seeks 
to develop them. 

Generous support of faculty mem- 
bers to develop promising ideas for 
improving teaching is a form of recog- 
nition that will be appreciated, and 
one which approaches a necessity if 
high quality of teaching is to be main- 





COMMITTEES ON RECOGNITION AND INCENTIVES 683 


tained. This support should not be 
neglected through zeal to provide rec- 
ognition by grants for research work. 
Unbalanced emphasis on research, or 
support of graduate school programs, 
can lead to a situation where teaching 
is considered only a necessary chore 
by staff attracted to the institution. 


Recommendations 


Survival and progress of higher 
education can be assured only if in- 
creased effort is expanded to: 


(1) Promote the prestige and dig- 
nity of the teacher as a professional 
person within his institution and in 
the public view. 

(2) Obtain compensation and con- 
tributing benefits for teaching equiv- 
alent to those available for alternative 
professional employment. 

(3) Maintain a stimulating teach- 
ing-learning activity as the primary 
objective of a college. 


Publicity: Conscious effort should 
be directed to assure that publicity 
through the general press and through 
institutional outlets should place the 
importance of good teaching and pro- 
fessional recognition of the teacher 
above necessary building and equip- 
ment facilities. 

Written Objectives: A statement of 
the college’s common but detailed 
teaching objectives should be made 
available to its teachers. Objectives 
for effectively stimulating and direct- 
ing maturity of the students should be 
related to teaching methods which the 
college expects its teachers to execute. 

Institutional Committee on Good 
Teaching: In each engineering college 
there should be a committee charged 
with responsibility for coordinating 
activities specifically directed toward 
stimulating good teaching. Support 
for this committee should be encour- 
aged in a truly creative spirit which 
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permits the committee to function 
effectively. 

Institutional Committee on Recog- 
nition: In large colleges a committee 
alert to needs of the staff for recogni- 
tion and incentives can make impor- 
tant recommendations for improving 
prestige and morale of the teacher. 
Recognition of the teaching-learning 
objective of the college can be main- 
tained. 

Consultation with Teachers on Ef- 
fectiveness: Communication between 
administrative levels should be 
planned to assure that each teacher 
has an opportunity to report period- 
ically on the effectiveness of his teach- 
ing and to make recommendations for 
improvement. The communication 
should be reciprocal so the teacher 
knows he is recognized and realizes 
that his suggestions are received in a 
creative spirit. 

Policy Statement on Promotion: A 
written statement of policy on rank 
and salary promotions for the teach- 
ing staff should be available to the 
staff at each college. This policy 
statement should disclose the basis for 
determining whether criteria have 
been met by the individual. It may 
be hoped that the policy will indicate 
that the earned compensation for 
teaching will be based only on con- 
tribution to teaching effectiveness. 

Periodic Evaluation of Individual 
Growth: A periodic report on activ- 
ities reflecting growth of each mem- 
ber of the teaching staff should be 
made to a chief executive officer of a 
college. The administrator respon- 
sible for assigning the teacher’s duties 
should be required to comment on 
recognition accorded the teacher for 
his contribution to the college. It 
should become well known that the 
evaluation is used constructively by 
the administration to assure that mer- 
ited recognition and earned compensa- 
tion is not overlooked. 
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Recognition of Outstanding Teach, 
ers: To assist in maintaining prestige 
of the teaching function, creation of a 
national ASEE award should be cop. 
sidered. This award, without age re. 
striction, should recognize distin. 
guished service in teaching engineer. 
ing students, or in contributing to 
teaching methods. Contributions to 
engineering education other than 
teaching should not be recognized ip 
making this award. Colleges should 
consider similar institutional recogni- 
tion which might take the form of 
honorary professorships. 

ASEE Committee on Recognition 
and Incentives for Good Teaching: 
The problems associated with obtain. 
ing and holding good teachers, with 
maintaining morale, and with achieve- 
ing good teaching are so intimately re- 
lated to the interests of ECAC * that a 
Council committee should be charged 
with continuing responsibility for pro- 
tecting these interests. 


Conclusion 


The Committee on Recognition and 
Incentives for Good Teaching has de- 
termined that engineering educators 
are aware of the necessity for im- 
proved recognition and incentives for 
good teaching, and it has been de- 
termined that colleges individually 
have made progress on the problem. 
There is abundant evidence that all 
possibilities for improvement have not 
been explored, and that implemente- 
tion of established procedures for 
recognition and providing incentives 
has not been adequate. When engi- 
neering colleges apply with detemi- 
nation all the methods found desirable 
by individual colleges for improving 
the status of the teacher, notable prog: 
ress will be made in restoring the 
teacher to his deserved profession 
Administra 


* Engineering College 


Council. 
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status and in demonstrating a convic- trate a recognized injustice to college 
tion that his services are valuable and teachers or to jeopardize the Amer- 
| appreciated. No other course can be ican standard of living by permitting 
| considered, for it is inconceivable that the quality of engineering colleges to 
the American people desire to perpe- be degraded. 


The Committee on Recognition and Incentives for Good Teaching 
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NEW MEMBERS OF ASEE 


As of February 10, 1958 

These applications were received in 
the Secretary’s Office and have been duly 
endorsed by two members of the Society. 


AsTLE, MELVIN J., Acting Dean of Grad- 
uate School, Case Institute of Tech- 
nology, University Circle, Cleveland 
6, Ohio. John A. Hrones; Willard E. 
Nudd. Divisional interest: Adminis- 
trator, Educational; Chemistry. 

Avery, JoHn H., Unit Chief, College 
Relations & Recruiting Unit, Boeing 
Airplane Company, Seattle 24, Wash. 
John C. Sanders; P. C. Armentrout. 
Divisional interest: Administrator, In- 
dustrial; Aeronautics and Aero. En- 
gineering. 

BarcLay, WILLIAM J., Associate Profes- 
sor in Electrical Engineering, North 
Carolina State College, Raleigh, North 
Carolina. E. W. Winkler; Geo. W. 
Middleton. Divisional interest: Elec- 
trical Engineering; Physics. 

BerGER, Paut A., Senior Instructor in 
Industrial Management, Fashion In- 
stitute of Technology, New York 11, 
New York. F. C. Lindvall; W. Leigh- 
ton Collins. Divisional interest: Indus- 
trial Engineering; Textile Engineering. 

BEUKENA, Henry J., Associate Professor 
in Industrial Technology, Western 
Michigan University, Kalamazoo, Mich. 
Earl D. Black; W. F. Edington. Divi- 
sional interest: Engineering Drawing; 
Technical Institute. 

BLYMYER, FRANK, General Supervisor, 
Electro-Motive Div., General Motors 
Company, Hinsdale, Illinois. Warren 
J. Luzadder; Earl D. Black. Divisional 
interest: Engineering Drawing; Me- 
chanical Engineering. 

Carron, THEODORE J., Assistant Director 
and Services Administration, Ethy] 
Corporation, Ferndale, Detroit 20, 
Michigan. A. R. Hellwarth; J. Gerardi. 
Divisional interest: Administrator, In- 
dustrial; Chemical Engineering. 

CAVANAGH, GERALD F., Graduate Stu- 
dent, St. Louis University, St. Louis 8, 
Missouri. V. J. Blum; Ross R. Hein- 
rich. Divisional interest: Industrial 
Engineering; Mechanical Engineering. 


Cuarton, Marvin, Instructor of Chem. 
istry, Pratt Institute, Brooklyn 1, New 
York. Herman Krinsky; Warren § 
Wilson. Divisional interest: Chemis. 
try; Chemical Engineering. 

Coss, Pum R., Assistant Professor of 
Engineering; Engineering Science 
Arizona State University, Tempe, Arie 
Robert D. Kersten; George C. Beakley, 

Davis, VERNON O., Co-ordinator of Col. 
lege Recruiting, Union Carbide Cor. 
poration, Fanwood, New Jersey. C, I. 
Metz; Bruce J. Miller. Divisional jp. 
terest: Administrator, Industrial, 

DeEaAN, THoomas §., Instructor in Mechan- 
ical Engineering, Southern Methodist 
University, Dallas, Texas. Harold A. 
Blum; John A. Savage. Divisional in- 
terest: Mechanics and Materials; Archi- 
tecture. 

Duus, Hans C., Assistant Professor of 
Chemical Engineering, University of 
Massachusetts, Amherst, Mass. Joseph 
S. Marcus; George A. Marston. Divi- 


sional interest: Chemical Engineering; 
Mathematics. 
FERREL, Epwarp F., Assistant Professor 


of Chemistry, Colorado School of 
Mines, Golden, Colorado, Frank R. 
Campbell; Robert A. Baxter. Divi- 
sional interest: Chemistry; Metall. 
Technology. 

FinE, ALBERT K., Instructor in Math. and 
Engineering, College of San Mateo, 
San Mateo, California. F. Paulsen; 
W. Leighton Collins. 

FINNELL, Epwarp Jupson, Jr., Director, 
Engineering Extension Services, Uni- 
versity of Alabama, University, Ala. 
William K. Rey; James R. Cudworth. 
Divisional interest: General Engineer- 
ing; Mechanics and Materials. 

Francis, LUTHER V., Instructor in Engi- 
neering, Prairie View Agriculture and 
Mechanical College, Prairie View, 
Texas. C. L. Wilson; G. E. Kelly, Jr 
Divisional interest: Engineering Drav- 
ing; General Engineering. 

GLICKMAN, MENDEL, Professor, College 
of Engineering, University of Okb- 
homa, Norman, Oklahoma. William 
H. Wilson; J. Palmer Boggs. Divi 
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sional interest: Architectural Engi- 
neering; Architecture. 

GomBerG, W1LL1AM, Professor of Indus- 
trial Engineering, Washington Uni- 
versity, S. Louis, Mo. Owen W. Mil- 
ler; G. Nadler. Divisional interest: 
Industrial Engineering; Engineering 
Economy. 

HELLERMAN, HERBERT, Associate Pro- 
fessor in Electrical Engineering, Uni- 
versity of Delaware, Newark, Dela- 
ware. Milton G. Young; T. W. 
Brockenbrough. Divisional interest: 
Electrical Engineering; Mathematics. 

HetstroM, HeBert A., Jr., Chief of 
Engineering Administration, Chance 
Vought Aircraft, Inc., Dallas 30, Texas. 
Cc. A. Besio; A. I. Sibila. Divisional 
interest: Administrator, Industrial: 
Aeronautics and Aero. Engineering. 

HotMAN, FRANK L., JR., Assistant Pro- 
fessor in Civil Engineering, Alabama 
Polytechnic Institute, Auburn, Ala- 
bama. Henry R. Thacker; Earl I. 
Brown. Divisional interest: Civil En- 
gineering. 

HotsBerG, PETER J., Graduate Teaching 
Assistant in Electrical Engineering, 
Purdue University, Lafayette, Indiana. 
Fritz J. Friedlaender; Arthur Holub. 

Horan, THomMas M., Assistant Professor 
of Electrical Engineering, University 
of Arkansas, Fayetteville, Ark. C. W. 
Oxford; L. R. Heiple. Divisional in- 
terest: Electrical Engineering; Indus- 
trial Engineering. 

Horne, Puturp S., Chief, Scientific Edu- 
cation Division, National Security 
Agency, Washington, D. C. John L. 
Cain; Robert X. Boucher. Divisional 
interest: Administrator, Educational; 
General Engineering. 

Huntincton, Davin H., Assistant to 
Dean and Associate Agricultural Engi- 
neering, College of Agriculture, Uni- 
versity of Maine, Orono, Maine. 
Robert B. Rhoads; Nathan H. Rich. 
Divisional interest: | Administrator, 


Educational; Agricultural Engineering. 

James, WILLIAM J., Associate Professor 
of Chemistry, University of Missouri 
School of Mines and Metallurgy, Rolla, 
Mo. Frank H. Conrad; Dudley Thomp- 
son. Divisional interest: Chemistry; 
Mathematics. 
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Juszi1, Frank L., Instructor in Mathe- 
matics, State Technical Institute, Hart- 
ford, Conn. Thomas V. Paimondi; 
Joseph T. Merden. Divisional inter- 
est: Mathematics; Technical Institute. 

KrasHEs, Davin, Assistant Professor of 
Mechanical Engineering, Worceste: 
Polytechnic Institute, Worcester, Mass. 
Fred N. Webster; D. N. Zwiep. Di- 
visional interest: Metallurgy and Ma- 
terials. 

LAMPMAN, DuncaN L., Instructor, Voca- 
tional Technical Institute, Southern 
Illinois University, Carbondale, III. 
M. Keith Humble; W. Leighton Col- 
lins. Divisional interest: Technical In- 
stitute; Engineering Drawing. 

Meaney, TuHomas Jay, Villanova Uni- 
versity, Villanova, Pa. G. H. Auth; 
J. Stanley Morehouse. 

MeENnz, Paut G., Instructor in Mechan- 
ical Engineering, Villanova University, 
Villanova, Pa. Geo. H. Auth; Jf. 
Stanley Morehouse. Divisional inter- 
est: Mechanical Engineering. 

Oxson, Rospert K., Supervisor—TCDP, 
Flight Propulson Laboratory Depart- 
ment, General Electric Company, Cin- 
cinnati 15, Ohio. Alfred E. Moreen; 
Carl Romer, Jr. Divisional interest: 
Administrator, Industrial; Aero. & Aero. 
Engineering. 

OTHMER, Murray E., Professor of Chem- 
ical Engineering, University of Puerto 
Rico, College of Agriculture and Me 
chanic Arts, Mayaguez, P. R. F. 
Acaron Ortiz; Humberto Marti-Marini. 
Divisional interest: Chemical Engi- 
neering. 

PACKARD, RicHArD D., Assistant Profes- 
sor of Chemical Engineering, North- 
eastern University, Boston 15, Mass. 
William T. Alexander; R. A. Troupe. 
Divisional interest: Chemical Engi- 
neer; Mathematics. 

PEREZ, ANGEL A., Instructor in Mechan 
ical Engineering, University of Puerto 
Rico College of Agriculture and Me- 
chanic Arts, Mayaguez, P. R. Wil- 
fredo Hernandez Lopez; Carlos R. 
Garrett. Divisional interest: Mechan- 
ical Engineering. 

PUGARELLI S. THomas, Senior Instructor 
in Electricity and Electronics, State 


Tech. Institute, Hartford, Conn. 
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Thomas V. Raimondi; Joseph T. Ner- 
den. Divisional interest: Technical In- 
stitute. 

Ray, Date Carney, Instructor in Elec- 
trical Engineering, University of Mich- 
igan, Ann Arbor, Michigan. John J. 
Carey; Raymond F. Mosher. Divi- 
sional interest: Electrical Engineering; 
Physics. 

RopinsON Dae Ciirrorp, Instructor in 
Mechanical Technology, State Techni- 
cal Institute, Hartford, Conn. Thomas 
V. Raimondi; Joseph T. Nerden. Di- 
visional interest: Mechanical Engineer- 
ing; Technical Institute. 

ROMUALDI, JAMEs P., Assistant Professor 
in Civil Engineering, Carnegie Insti- 
tute of Technology, Pittsburgh, Pa. 
Tung Au; Thomas E. Stelson. 

SavuER, Harry J., Jr., Instructor in Me- 
chanical Engineering, Missouri Schools 
of Mines and Metallurgy, Rolla, Mo. 
A. J. Miles; Ralph E. Schowalter. Di- 
visional interest: Mechanical Engi- 
neering; Mathematics. 

SPENCER, JOHN Henry, Instructor in 
Mechanical Engineering, University of 
Massachusetts, Amherst, Mass. G. P. 
Weidmann; K. Kroner. Divisional in- 
terest: Engineering Drawing; Architec- 
ture. 

STOECKER, WILBERT F., Assistant Profes- 
sor of Mechanical Engineering, Uni- 
versity of Illinois, Urbana, Ill. J. W. 
Bayne; W. Leighton Collins. Divi- 
sional interest: Mechanical Engineer- 
ing. 

SuLKowsk1i, EuGENE Louis, Assistant Di- 
rector, Pennsylvania Technical Insti- 
tute, Pittsburgh, Pennsylvania. Louis 
A. Dimasi; Walter G. Whipple, Jr. 
Divisional interest: Administrator, 
Educational Electronics; Technical In- 
stitute. 

SuTTON, RicHarp M., Professor of Phys- 
ics, Case Institute of Technology, 
Cleveland, Ohio. Karl B. McEachron, 
Jr.; Ray E. Bolz. Divisional interest: 
Physics; Administrator, Educational. 

THompson, RoBeRT GLENN, Instructor 
of Applied Mathematics, University of 
Colorado, Boulder, Colorado. Chas. 
A. Hutchinson; C. L. Eckel. Divi- 
sional interest: Mathematics; Physics. 

VELAZQUEZ, ANGEL M., Instructor in 
Mechanical Engineering, University of 
Puerto Rico, Mayaguez, Puerto Rico. 
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Carlos R. Garrett; Wilfredo Hernande, 
Lopez. Divisional interest: Mechan. 
ical Engineering. 

WarFFLe, WiLBuR M., Senior Instructor jn 
Electrical Engineering, State Technical 
Institute, Hartford, Conn. Thomas y. 
Raimondi; Joseph T. Nerden. Diyj. 
sional interest: Technical Institute. 

Witson, James R., Jr., Instructor jp 
Electrical Engineering, Vanderbilt 
University, Nashville, Tenn. Paul FE 
Dicker; Fred Schumann. _ Divisional 
interest: Electrical Engineering; Math. 
ematics. 

Wo tr, Rosert V., Assistant Professor jn 
Metallurgical Engineering, Missouri 
School of Mines and Metallurgy, Rolla, 
Mo. A.W. Schlechten; R. E. Schowal- 
ter. Divisional interest: Metallurgy; 
Mineral Technology; Mechanical Ep. 
gineering. 


ABBASI, ASLAM, Instructor in Electrical 
Engineering, Milwaukee School of En- 
gineering, Milwaukee, Wis. Thomas 
J. Lyon, Francis J. Lofy. Divisional 
interest: Electrical Engineering; Eng. 
lish. 

ANDERSON, MARSHALL L., Instructor in 
Civil Engineering, University of Ari- 
zona, Tucson, Ariz. E. S. Borgquist, 
John C. Park. Divisional interest: 
Civil Engineering. 

BARNETT, RoBerT M.., Instructor in Civil 
Engineering, University of Arizona, 
Tucson, Ariz. E. S. Borgquist, John 
C. Park. Divisional interest: Civil 
Engineering; Engr. Drawing. 

BLANCHARD, JACK W., Assistant Professor 
of Electrical Engineering, University 
of Arizona, Tucson, Ariz. T. L. Mar- 
tin, James C. Clark. Divisional inter- 
est: E. E.; Physics. 

Brower, ALLEN S., Advanced Technical 
Programs, Representative, Engineer- 
ing Personnel Service, General Elec- 
tric Company, Schenectady, N. 3 f 
John R. M. Alger, David F. Kline. 
Divisional interest; Administrator. n- 
dustrial; E. E. 

BuckMAN, Cart J., Assistant Professor 
of Civil Engineering, University ot 
Arizona, Tucson, Ariz. E. §. Borg: 
quist, John C. Park. Divisional inter- 
est: Engineering Drawing; C. E. 

Carson, ARTHUR M., Instructor in Me 
chanical Engineering, University of Il- 
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linois, Urbana, Ill. David G. Ryan, 
J. W. Bayne. Divisional interest: In- 
dustrial Engineering; M. E. 

Cuao, Ber-Tse, Professor of Mechanical 
Engineering, University of Illinois, 
Urbana, Ill. David G. Ryan, J. W. 
Bayne. Divisional interest: M. E. 

CouNsELL, ALDEN W., Assistant Profes- 
sor of Mechanical Engineering, New 
Bedford Institute of Technology, New 
Bedford, Mass. Howard C. Tinkham, 
Lenine Gonsalves. Divisional inter- 
est: Technical Institute. 

Davis, JosePH J., Director of Education, 
National Radio Television School, Inc.. 
4400 Euclid Ave., Cleveland 3, Ohio. 
Maurice Graney, Donald C. Metz. Di- 
visional interest: Administrator, Educa- 
tional. 

Centn, JosepH, Instructor in Civil Engi- 
neering, University of Arizona, Tuc- 
son, Ariz. E. S. Borgquist, John C. 
Park. Divisional interest: Civil En- 
gineering; Mathematics. 

Harper, GeorGE W., Professor of Me- 
chanical Engineering, University of 
Illinois, Urbana, Ill. J. W. Bayne, K. 
J. Trigger. Divisional interest: M. E. 

Hawes, DonaLp B., Associate Professor 
of Civil Engineering, University of 
Arizona, Tucson, Ariz. E. S. Borg- 
quist, John C. Park. Divisional inter- 
est: C. E.; Architecture. 

Horun, ALFRED J., JR., Instructor in 
Electrical Engineering, University of 
Arizona, Tucson, Ariz. T. L. Martin, 
James C. Clark. Divisional interest: 
E. E. 

Irwin, Cora T., Instructor in Civil Engi- 
neering, University of Arizona, Tuc- 
son, Ariz. E. S. Borgquist, John C. 
Park, Divisional interest: Engineering 
Drawing; Shop & Mechanic Arts. 

Janza, Frank J., Associate Professor of 
Electrical Engineering, University of 
Arizona, Tucson, Ariz. T. L. Martin. 
James C. Clark. Divisional interest: 
E. E.; Engineering Econ. 

KEENAN, Joun A., IIL, Teaching Assist- 
ant in Electrical Engineering, Univer- 
sity of Wisconsin, Madison, Wis. Ger- 
ald Pickett, Wayne B. Swift. Divi- 
sional interest; E. E. 

Larson, CARL S., Graduate Assistant in 
Mechanical Engineering, University of 
Illinois, Urbana, Ill. David G. Ryan, 
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J. W. Bayne. Divisional interest 
M. E.; Mechanics & Materials. 

LATorre, Victor R., Instructor in Elec- 
trical Engineering, University of Ari- 
zona, Tucson, Ariz. T. L. Martin, 
James C. Clark. Divisional interest: 
E. E.; Physics. 

Lawson, Georce W., Educational De- 
partment, Keuffel & Esser Co., Arling- 
ton, Mass. Douglas P. Adams, Steven 
Anson Coons. Divisional interest: Re- 
lations With Industry. 

Lerscu, WituiAM H., Instructor in Civil 
Engineering, University of Arizona, 
Tucson, Ariz. E. S. Borgquist, John 
C. Park. Divisional interest: C. E.: 
Mechanics & Materials. 

Levis, Curt A., Assistant Professor of 
Electrical Engineering, Ohio State 
University, Columbus 2, Ohio. G. B. 
Carson, T. H. Rockwell. 
interest: E. E.; Math. 

LICHTENSTEIN, BERNARD, Group Leader, 
Gyrodynamics Laboratory, Kearfott 
Company, 1378 Main Ave., Clifton, 
N. J. Louis J. Frangipane, Clair W. 
Black. Divisional interest: Mechani- 
cal Engineering; Physics. 

LINVILLE, FRANK A., Instructor in Civil 
Engineering, University of Arizona, 
Tucson, Ariz. E. S. Borgquist, John 
C. Park. Divisional interest: Civil En- 
gineering; Engineering Economy 

List, Harvey L., Assistant Professor of 
Chemical Engineering, City College 
of New York, 139th St. and Convent 
Ave., New York 31, N. Y. Henry S. 
Myers, A. X. Schmidt. Divisional in- 
terest: Chem. E.; Engr. Econ. 

Loes, SIDNEY, Associate in Engineering, 
University of California, Los Angeles, 
Cal. George J. Tauxe, Bonham Camp- 
bell. Divisional interest: Chemical 
Engineering; G. E. 

Lowe, Lucius H., Instructor in Civil 
Engineering, University of Arizona, 
Tucson, Ariz. E. S. Borgquist, John 
C. Park. Divisional interest: C. E.: 
Engr. Econ. 

Mark, MELvin, Professor, Engineering 
Division, Lowell Technological Insti- 
tute, Lowell, Mass. Henry E. Thomas, 
Herbert J. Ball. Divisional interest: 
M. E.; Textile Engr. 

MEaRLS, WALTER J., Assistant Professor 
of Electrical Engineering, University 
of Arizona, Tucson, Ariz. L. W. 


Divisional 
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Matsch, C. R. Hausenbauer. Divi- 
sional interest: E. E. 

MEEs, QuENTIN M., Associate Professor 
of Civil Engineering, University of 
Arizona, Tucson, Ariz. E. S. Borg- 
quist, John C. Park. Divisional inter- 
est: C. E.; Humanistic-Social. 

MoEHLMAN, JOHN H., Instructor in En- 
gineering, El Camino College, El 
Camino, California. W. J. DeSpain, 
A. B. Beleal. Divisional interest: Me- 
chanics & Materials; Engr. Drawing. 

NEWLIN, Puuipe B., Associate Professor 
of Civil Engineering, University of 
Arizona, Tucson, Ariz. E. S. Borg- 
quist, John C. Park. Divisional inter- 
est: C. E. 

OESTERLING, Lewis K., Assistant Profes- 
sor of Civil Engineering, University of 
Arizona, Tucson, Ariz. John C. Park, 
E. S. Borgquist. Divisional interest: 
Mechanics & Materials; C. E. 

PERKINS, ALADDIN N., Instructor in Elec- 
trical Engineering, University of Ari- 
zona, Tucson, Ariz. C. R. Hausen- 
bauer, James C. Clark. Divisional in- 
terest: E. E.; Physics. 


Prapos, JoHN W., Assistant Professor of 
Chemical Engineering, University of 
Tennessee, Knoxville 16 , Tenn. Homer 


F, Johnson, R. M. Boarts. Divisional 
interest: Chemical Engineering; Me- 
chanics & Materials. 

Rar, Jonn B., Associate Professor of His- 
tory, Massachusetts Institute of Tech- 
nology, Cambridge 39, Mass. H. R. 
Bartlett, Melvin Kranzberg. Divi- 
sional interest: Humanistic-Social; His- 
tory. 

RoBeERTS, Epwarp N., Instructor in Civil 
Engineering, University of Arizona, 
Tucson, Ariz. E. S. Borgquist, John 
C. Park. Divisional interest: Engi- 
neering Drawing; Technical Institute. 

Rocers, Puiu H., Professor of Electrical 
Engineering, University of Arizona, 
Tucson, Ariz. T. L. Martin, James C. 
Clark. Divisional interest: Electrical 
Engineering; Math. 

Ryan, James L., Dean of Engineering, 
Saint Mary’s University, Halifax, Nova 
Scotia, Canada. F. C. Lindvall, W. 
Leighton Collins. Divisional interest: 
M. E.; Mechanics & Materials. 

RussELL, Gorpon M., Associate Professor 
of Electrical Engineering, University 
of Arizona, Tucson, Ariz. T. L..Mar- 
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tin, James C. Clark. Divisional inter. 
est: E. E.; Communications. 

SARDELLA, JOSEPH E., Instructor in Draft. 
ing (Chairman), San Diego Junior 
College, San Diego, Cal. Frederick 
W. Ross, M. O. Starr. Divisional ip. 
terest: Technical Institute; 
Drawing. 

SCHRADER, GEORGE F., Assistant Profes. 
sor of Mechanical Engineering, Upj. 
versity of Illinois, Urbana, Ill. Dayid 
G. Ryan, J. W. Bayne. Divisional jp. 
terest: I. E.; M. E. 

SINGER, Morse B., Instructor in Mechap- 
ical Engineering, University of Illinois, 
Urbana, Ill. J. W. Bayne, David G. 
Ryan. Divisional interest: M, E:; 
Shop & Mech. Arts. 

SmitTH, JACK, Instructor in Electrical Ep. 
gineering, University of Arizona, Tuc- 
son, Ariz. T. L. Martin, James C, 
Clark. Divisional interest: E. E. 
Physics. 

STEWART, MATTHEW W., Associate Pro- 
fessor of Civil Engineering, Polytech- 
nic Institute of Brooklyn, Brooklyn, 
N. Y. Henry F. Soelinger, Chilton A. 
Wright. Divisional interest: C., E. 

Stock, GENE B., Instructor in Electrical 
Engineering, University of Arizona, 
Tucson, Ariz. T. L. Martin, James C. 
Clark. Divisional interest: E. E. 

VON TuRNOVICH, BRANIMIR F., Lecturer 
in Mechanical Engineering, University 
of Illinois, Urbana, Ill. K. J. Trigger, 
J. W. Bayne. Divisional interest; 
M. E.; Mechanics & Materials. 

WHISENAND, JOHN L., Assistant Profes- 
sor of Mechanical Engineering, Uni- 
versity of Illinois, Urbana, Ill. David 
G. Ryan, J. W. Bayne. Divisional in- 
terest: M. E. 

Wipe, Nep, Assistant Professor of Elec- 
trical Engineering, University of Ar- 
zona, Tucson, Ariz. T. L. Martin, 
James C. Clark. Divisional interest 
E. E.; Physics. 

Wricut, Freperick D., Professor o 
Mining Engineering, University of Il- 
linois, Urbana, Ill. George R. Eadie, 
Frank B. Lanham. Divisional inter 
est: Mineral Technology; Mechanics 
& Materials. 

551 new members this year 
100 new members 


Engr, 


651 new members this fiscal yeat 





TEACHING POSITIONS AVAILABLE 


HEAD MECHANICAL ENGINEER- 
ing Dept. Developing department in in- 
dustrial city; new curriculum and labora- 
tories being designed. Industrial salaries 
matched, opportunity for consulting, 
Ph.D. or D.Sc. required. 


nal, TPA-Ap-1. 


Address Jour- 


PROFESSOR, AERONAUTICAL EN- 
gineering. Development of graduate 
program with possible headship of De- 
partment. Ph.D. required. Industrial 
salary scale, consulting opportunity. Ad- 
dress Dean, School of Engineering, Uni- 
versity of Wichita. 


MECHANICAL ENGINEERING—UN- 
dergraduate and graduate courses with 
opportunity to do fundamental research. 
Give qualifications. Applicants with 
Ph.D. considered. Write to Head of the 
Department of Mechanical Engineering, 
University of Kentucky, Lexington, Ken- 
tucky. 


ASSISTANT OR ASSOCIATE PRO- 
fessor—To teach undergraduate courses 
in Aeronautical Engineering and gradu- 
ate courses in propulsion, instrumenta- 
tion, or structures. Industrial and teach- 
ing experience desired. Opportunities 
available for further graduate study, con- 
sulting, and research. Send resume of 
education and experience to: Chairman, 
Department of Aeronautical Engineer- 
ing, Wayne State Univ., Detroit 2, Mich. 


PROCESS METALLURGY OR MIN- 
eral Beneficiation: Academic rank and 
salary open, beginning September, 1958. 
Undergraduate and graduate classes, op- 
portunities for research. Progressive de- 
partment. Excellent western living. Ap- 
ply to Prof. Paul H. Anderson, Depart- 
ment of Metallurgy, S. D. School of 
Mines, Rapid City, South Dakota. 


ENGINEERING FACULTY OPPOR- 
tunities at midsoutheastern college. 
Openings available in all departments. 
M.S. or Ph.D. preferred. 
mensurate with training and experience. 
Appointment at the beginning of any 
quarter except summer. Apply: School 
of Engineering, Tennessee Polytechnic 
Institute, Cookeville, Tennessee. 


Salary com- 


INDUSTRIAL ENGINEERING 


cancy to begin September 15. 


VA- 
Rank 
and salary dependent upon qualifications. 
Write to C. H. Shumaker, Chairman of 
Southern Methodist Uni- 
versity, Dallas, Texas. 


Department, 


ASSIS’T PROFESSORSHIPS ENGI- 
neering Drawing, Electrical, Mechanical 
and Industrial; graduate degree required. 
Instructorships available for young grad- 
uates who intend to pursue graduate 
work. Excellent salary scale; ideal San 
Francisco Bay location. Write to Head, 
Division of Engineering, San Jose State 
College, San Jose 14, California. 


ASSISTANT PROFESSOR AND IN- 
structor for teaching and research in 
Aerodynamics, Structures, and/or En- 
gines. Instructor may work on advanced 
degree. For particulars, write Chair- 
man, Aeronautical Engineering Depart- 
ment, University of Kansas, Lawrence, 
Kansas. 


MECHANICAL ENGINEERING—AS- 
sistant or Associate Professor to teach 
thermodynamics, vibrations, and mechan- 
ical engineering laboratory. M.S. degree 
required, Ph.D. desirable. Rank and 
salary commensurate with qualifications. 
Position available March 17 or Septem- 
ber 1, 1958. Write E. R. Stensaas, 
Head, Department of Mechanical Engi- 
neering, South Dakota School of Mines, 
Rapid City, South Dakota. 
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HIGHWAY ENGINEERING SPE- 
cialist to teach highway and transporta- 
tion engineering courses with opportu- 
nity to engage in highways research 
work. Taking charge of surveying 
courses is also a possibility, although not 
a requisite. Development of Highway 
Engineering Laboratory as part of Fritz 
Engineering Laboratory is contemplated 
and would be part of the challenge this 
position affords. Write Department Head 
and Director, Fritz Engineering Labora- 
tory, Lehigh University, Bethlehem, Penn. 
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MECHANICAL ENGINEERING FAC. 
ulty needed for courses in thermodynam. 
ics, heat transfer, fluid mechanics, and 
laboratories. Also electrical engin 
faculty needed qualified in power 
neering, basically in the field of circuits, 
Someone in electronics could be used, 
Persons should have teaching and indus. 
trial experience. Salary and rank de | 
pendent upon degree and experiengs ~ 
Positions now open. Apply to Dr, Hib 
dred B. Jones, Dean of University, Ohio 
Northern University, Ada, Ohio. 





MANAGEMENT DEVELOPMENT CONFERENCES 
AT CALIFORNIA INSTITUTE OF TECHNOLOGY 


Nine 1958 Summer Conferences in two series are being spon- 
sored by the Management Development Center of California 
Institute of Technology. The topics to be considered include: 

June 22-27 {11th Series ) 
1. Supervision of Engineers 
2. Supervision of Office Personnel 
3. Wage and Salary Administration 
September 7-19 (12th Series ) 
First Week (September 7-12) 
1. Psychology for Management 
2. Essentials of a Retirement Program 
3. Administering an Executive Development Program 
Second Week (September 14-19) 
4, Supervision of Engineers ( Repeated ) 
5. Selecting and Appraising Employees 
6. Management Techniques and Controls 


The Conferences will be held on the Institute campus, with enroll- 


ment limited to 22 in each of the 9 Conferences. Applicants will 
be admitted in the order in which requests are received. 








